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The research presented here was done a s  par t  of a Fh.D thes i s  by Ian 
Bishop (university of Melbourne) while based a t  Merlewood during 1977. 
The r e s u l t s  w i l l  be incorporated i n t o  Ian ' s  t hes i s  and therefore must 
not be used i n  any plblished form. However, any comments on the study 
would be welcomed by Ian and should be sent t o  him a t : -  
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1. INTRODUCTION 
A l i n e c r  programming ~ o d e l  i s  appl ied  t o  r u r a l  Cumbria t o  examine t h e  
r e l a t i o n s h i p s  between land-use p a t t e r n s  and t h e  achievement of county 
objec t ives .  
These ob jec t ives  mag be some o r  a11  of - high a g r i c u l t u r a l  production, 
high f o r e s t 2 y  production, t ,aintenance of r u r a l  employment, provis ion  of 
q u a l i t y  r e c r e a t i o n  f o r  l a r g o  numbers of people, na ture  conservation, o r  
( i n  a  poss ib l e  longer  term) low energy consumption. I n  order  t o  model 
t h e i r  achievement it was necessary t o  a s s e s s  t h e  p o t e n t i a l  con t r ibu t ion  
t o  each ob jec t ive  of a l l  -the z v a i l a b l e  l and  i n  t h e  county. 
This  was achieve6 by a s ses s ing  t h e  p roduc t iv i ty  of each of 16 l and  
c l a s s e s  i n t o  p~hich t h e  vrhole r z a l  countryside had been c l a s s i f i e d  
( ~ u n c e  and S m i t h , 1 9 ~ 2 ) . ,  The l a n d  in each c l a s s  can be used f o r  
coni ferous  f o r e s t ,  decid.uous f o r e s t ,  beef c a t t l e ,  d a i r y  c a t t l e ,  
cropping (wheat o r  pota toes)  o r  shes; o r  allowed t o  remain a s  
wilderness.  Associated with each use i s  a n  inpu t  of labour  and 
energy and t h e  production of t imber,  meat, x i l k ,  food energy o r  wool 
c h a r a c t e r i s t i c  of each lend c l a s s .  Also a s soc ia t ed  wi th  each 
combination cf l and  use  and land  c l a s s  i s  a  r e c r e a t i o n a l  p o t e n t i a l  
and a n  eco log ica l  ( o r  conservat ion)  value of t h e  land.  
A l l  of t h e s e  t h i n g s  a r e  of importance i n  county dec i s ion  making 
e s p e c i a l l y  i n  view of na t iona l  o b j e c t i v e s  of s e l f - su f f i c i ency  i n  food 
and a  reGuction i n  dependence on f o r e i g n  timber. The problem i s  t o  
inc rease  y o d u c t i o n  of t hese  i tems without l o s s  of r e c r e a t i o n a l  
oppor tun i t i e s  an6 coilservation va lues  of &ich  Cumbria i s  a n  important 
n a t i o n a l  suppl ie r .  
The r o l e  of t h e  Lalce D i s t ~ i c t  acdYorksh i r e  Dales fu'ational h r k s ,  of 
t h e  prcposed Area of OutstanJing Natura l  Beauty i n  t h e  Pennines, and 
of Cormon Lcnd i n  t h e  achievement o r  f r u s t r a t i o n  of these  aims i s  
examined by c ~ z p u t i n g  poss ib le  achievement l e v e l s  with t h e  land  use 
c o n s t r a i n t s  t hcse  d e f i n i t i o n s  c o d e r .  
Cumbria i s  a  county of low population and l a r g e  area.  I t s  charac ter  
remains e s s e n t i a l l y  r u r a l  and i t s  outstanding v i sua l  appeal w a s  
s u f f i c i e n t  cause f o r  over one-third of the  county t o  be conferred 
National  Park s t a t u s  ( Pig. 2.1). Cumbria, i t s  charac ter  and problems 
a r e  described i n  d e t a i l  i n  'Choices f o r  Cumbria' (F~,nptone,$nd Himsworth, 
'1976). come bas ic  s t z t i s t i c s  s r a  given i n  Table 2.1. 
Na tu ra l ly  not a l l  of Cumbria i s  a v a i l a b l e  f o r  r u r a l  en te rp r i se .  hlajor 
and minor t o m s ,  t r a n s p o r t a t i o n  l i n k s ,  n a t u r a l  and a r t i f i o i a l  lakes ,  
spor t ing  f a c i l i t i e s  e t c  a l l  reduce t h e  a rea  being considered i n  t h i s  
study. The t o t a l  a rea  considered was t h a t  measured a s  t h e  sum of ... 
i a r e a s  being farmed a s  given i n  Agr icu l tu ra l  Census r e t u r n s  
i i a r e a s  of F o r e s t r y  Commission o r  dedicated woodland 
iii a l l  common land. 
2 This was a  t o t a l  of 6245 lan . 
Cwnbria occupies a l l  o r  p a r t  of 7100 ki lometre g r i d  squares on the  
Ordnance Survey maps. Each of these  squares has  been c l a s s i f i e d  by 
Bunce and Smith ( l W 8 )  i n t o  one of 16  land c lasses .  (3ig. 2.2). 
The c l a s s e s  a r e  described i n  Table 2.2; from t h i s  point  on c l a s s  7 i s  
el iminated s ince  it conta ins  e s s e n t i a l l y  no land s u i t a b l e  f o r  uses  
being considered here. The t o t a l  number of squares i n  each c l a s s  i s  
l a r g e r  than t h e  a v a i l a b l e  r u r a l  land  and t h e  a r e a s  were adjus ted  a s  
shorn i n  Table 2.3. 
The land i n  t h e  land c l a s s e s  i s  c e r t a i n l y  not  homogeneous- some c la s ses ,  
p a r t i c u l a r l y  4 and 11, conta in  many d i f f e r e n t  land types - and t o  model 
them a s  homogeneousis t o  introduce a s impl i f i ca t ion  and a cause f o r  
suspiciun of any r e s u l t s .  This w i l l  be considered f u r t h e r  i n  Chaptir 
6 .  Some of t h e  v a r i a b i l i t y  i s  c l e a r  from the  d i s t r i b u t i o n  of 
Agr icu l tu ra l  Land Service  Grades ( h e r e a f t e r  ca l l ed  a g r i c u l t u r a l  grades)  
through the  land c l a s s e s  (Table 2.4) 
Pressures  on land use a l r e a d y  e x i s t  i n  Cumbria - hence t h e  need f o r  
National  Parks, Areas of Outstanding Natura l  Beauty (AoMB), S i t e s  of 
Specia l  S c i e n t i f i c  I n t e r e s t  (sSSI) and a subs tan t i a l  county planning 
department. The purpose of these des ignat ions  i s  i n  genera l  t o  
preserve a spec t s  of the land which would otherwise disappear  under 
demand f o r  more food and timber products. I n  p r t i o u l a r  t h e  National  
Park c h a r t e r  s p e c i f i e s  na ture  conservat ion and provision of r e c r e a t i o n  
( i n  t h a t  order  of p r i o r i t y )  a s  the  ob jec t ives  of t h e  parks. 
Some products such a s  meat, milk end wool a r e  l e s s  important i n  
n a t i o n a l  s t r a t e g i c  sense than timber and food energy, but  a r e  very  
important a s  sources of r u r a l  income a s  long a s  urban demand continues. 
Therefore, these a r e  a l s o  included i n  the  modelling exercise.  Inpu t s  
t o  the  l and  a r e  labour  and energy ( a s  f e r t i l i z e r ,  f u e l s ,  machinery e tc) .  
Job  c r e a t i o n  i s  a l r e a d y  an  important pa r t  of r u r a l  pol icy  while energy 
conservat ion may become inc reas ing ly  s i g n i f i c a n t  i f  suppl ies  become very 
expensive o r  a r e  being conserved i n  l i n e  with na t iona l  pol ic ies .  
Lowlands (defined here a s  l a n d  i n  land c l a s s e s  1 t o  8) occupy 649 of 
Cumbria and the  major land uses a v a i l a b l e  a r e  f o r e s t r y  (coniferous, 
deciduous o r  mixed), l i ves tock  grazing (beef c a t t l e ,  d a i r y  c a t t l e  o r  
sheep), and cropping ( b a r l e y  and o a t s  f o r  s tock o r  wheat and 
potatoes f o r  human consumption). Other r u r a l  u ses  such. a s  mining 
o r  quarrying., poultry,  pigs,  orchards, f lower  growing a r e  not l a r g e  
sca le  opt ions  i n  D~mbria i n  the  foreseeable  future (next  40 
and t h e i r  i nc lus ion  i n  t h e  model would add complications without 
providing a g r e a t  deal  i n  r e s u l t s .  A t  higher  a l t i t u d e s  cropping and 
da i ry ing  become so uneconomic a s  t o  be disregarded while s u b s t a n t i a l  
investment i n  pasture impr.ovement and. t h e  designat ion of wilderness 
become arguable options. Table 2.5 summarises the  options. 
Some a r e a s  a r e  a l s o  impartant a s  water catchments t o  which some land 
uses  a r e  b e t t e r  su i t ed  than o thers .  To some degree the  l ike l ihood 
of l and  becoming part of a water supply catchment w i l l  c o r r e l a t e  16th 
l and  c l a s s  but t h i s  i s  C i f f i c u l t  t o  a s s e s s  and was no t  formal ly  
considered i n  t h i s  exerc ise .  
Present  d i s t r i b u t i o n  of land use by land c l a s s  i s  not f u l l y  known. 
Fores t ry  and woodland h8.ve been co r re l a t ed  and t h e  t o t a l  a r e a  of crops 
i s  known but the  d i s t r i b u t i o n  of sheep and var ious  types  of c a t t l e  i s  
uncertain.  Table 2.6 g ives  a  p laus ib le  s p l i t  of land c l a s s  by use. 
As they  a r e  s e p r a t e l y  a b i n i s t e r e d ,  the  National  Parks a r e  subject  t o  
d i f f e r e n t  p r i o r i t i e s  i n  land use planriing. The current  land use 
p a t t e r n  i n  t h e  parks and a l s o  i n  t h e  l a r g e  AONB proposed f o r  the  North 
Pennines i s  given i n  Table 2.7. 
Areas of common land (which i s  almost e n t i r e l y  used f o r  grazing a t  
present)  a r e  included i n  Table 2.6 and 2.7 because under current  
l e g i s l a t i o n  the re  i s  l i t t l e  scope f o r  changing l and  use on the  
commons. 
Table 2.1 Some Cumbrian s t a t i s t i c s  (from Panstone and Himsworth, 
1976) 
Area 
Population (mid '74) 
Population density 
Area-Lake Di s t r i c t  National Park 2,243 bE 
Yorkshire Dales National Park 213 km 
Employees - by indus t r ia l  group 1973 estimates 
Agriculture* 




*Total farmers and workers over 14,400. 
Table 2.2 Description of iand e l a s se s  i n  Cumbria 
L a d  Alti tude Soi l  p~ Lana form 
class  range (m) range Land use 
1 0-150 3.0-6.0 Gentle slopes, with Varies, mainly 
a var ie ty  of detailed ca t t l e ,  with some 
pattern ref lect ing a sheep and cereals. 
range of underlying 
geological formations. 
2 75-150 3.5-6.5 Mainly leve l  Mainly beef and 
with l o w  re l ie f  and dairy  ca t t l e .  
limited variation.  Some arable. 
Small a reas  of 
woodland. 
4.5-7.0 Mainly leve l  with 
low r e l i e f  and l i t t l e  
variation.  
3.5-7.0 Very variable with many 
of the low lying f e l l s  
presenting a wide 
var ie ty  of slopes and 
features  such a s  small 
rock outcrops. 
3.5-7.0 Alluvial  lowlands 
with l i t t l e  pronounced 
r e l i e f ,  except where 
outcrops emerge from 
the alluvium. 
4.5-7.1 Alluvial  lowlands 
with l i t t l e  ponounced 
r e l i e f .  
6.0-7.1 Mainly estuarine. 
4.5-7.1 Coastal varying from 
dunes t o  c l i f f s  and 
low eroded moraines. 
3.0-4.5 Lower f e l l s  on f r inge  
of the principal moun- 
ta ins ,  with usually 
ro l l i ng  re l ie f .  
3.5-6.5 Very variable mountain- 
ous land with variable 
slopes and rocky forma- 
t ions.  Wide a l t i t ud -  
i n a l  range. 
Less arable and 
more permanent 
grassland than 2. 
Very variable 
ranging from arable 
t o  neglected slopes 
and woodland, mainly 
sheep. Sometimes 
afforested. 
Much arable and leys  
with beef an$ dairy 
c a t t l e  predominating. 
Less densely popdated 
than 2 and 3. 
Xainly pasture with some 
arable but par t icular ly  
associated with bu i l t  
up land 
Grazing sheep on s a l t  
marsh 
Pasture mainly f o r  dairy  
and beef, but some arable. 
Mainly sheep grazing but 
contains much 'marginal ' 
land. 
Mainly sheep grazing with 
much 'marginal' land. 
Table 2.2 (continued) 
Land A l t i t u d e  S o i l  FH Lana 
c l a s s  x'ange (m) range Land use 
11 150-300 3.5-6.0 Complex, rock outcrops Varies ,  but mainly 
on lower f e l l s .  improved l and  with 
grazing f o r  sheep 
and c a t t l e .  Some- 
t imes a f fo res t ed .  
1 2  225-300 3.5-6.5 Gently r o l l i n g  Extensively a f f o r e s t e d  
h i l l  s lopes  a t  a n  moorlands. 
in te rmedia te  elevat ion.  
13 375-600 3.0-5.0 Mainly s t eepe r  s i d e s  Sheep grazipg. Much 
of t h e  h i l l s  and 'marginal '  land. 
v a l l e y  bottoms. 
14  525c 3.0-4.5 High p la teau- l ike  1,ow i n t e n s i t y  
t o p s  of h i l l s  with sheep grazing. 
rounded out l ines .  
R e l a t i v e l y  f e a t u r e l e s s  
compred rrith types  
15 and 16. 
15 300-600 3.5-5.5 Steep  mountain s i d e s  Lon i n t e n s i t y  sheep 
with wide range of grazing. Muoh pro t -  
rocky f e a t u r e s .  ec ted  land.  
16 375+ 3.0-6.0 Steep rocky f e l l s  Lovr i n t e n s i t y  sheep 
and mountain summits. grazing end r e c r e a t i o n a l  
use with much pro tec ted  
land. 
From Heal (1976) and &nee and Smith (t 978) 
Table 2.3 D i s t r i b u t i o n  of rural l a n d  i n  Cumbr ia  
Land c l a s s  No. of g r i d  squares 
Rural  a rea  
(h2) Other major uses* 






Kud, sand, urban 0 
Edge s p a r e s  
Edge squares  
*General l o s s e s  f o r  roads,  road verges e t c .  
Table 2.l+ Summary of A g r i c u l t u r a l  Grades i n  r e l a t i o n  t o  land c l a s s e s  
Land c l a s s  A g r i c u l t u r a l  Grade ($) 
I 2 3 4 5 6 7 
A g r i c u l t u r a l  Grades (?t&?P, 1976) ... 
1. Land with no l i m i t a t i o n s  
2. Land with minor l i m i t a t i o n s  
3. L,and with moderate l i m i t a t i o n s  
4. Land with severe l i m i t a t i o n s  
5. Land with very  severe l i m i t a t i o n s  
6. Urban. 
7. Non-agricul tural  use. 
Table 2.5 Land use opt ions  i n  each l and  c l a s s  
Land c l a s s  
Use 
I 2 3 4 
Coniferous f o r e s t / ~ o f t ~ v o o d  
Deciduous forest/hardwood 
Beef c a t t l e  
Beef c a t t l e :  improved pas tu res  
Dairy c a t t l e  
Crops (Wheat and potatoes)  
Sheep 
Sheep: improved pas tures  
Wilderness 
Table 2.6 Estimate of present d i s t r ibu t ion  of land use by land 
&La ass- Cumbria 
Land 
c l a s s  
Use (km2) 
1 2 3 4 T o t a l  
Common 
Land 
l o t a l  285 132 1148 ~ 7 1 6  70 2894 6245 1179 
Table 2.7 Land use of land c lass  
(a) National Parks 
Lana use (km2) Total Common class  1 2 3 4 5 6 1 and 
Total 
Total 
(b) North Pennines AONB 
Fig 2.1 Cumbria - showing National Parks and North Pennines AONB. 


The name l i n e a r  programming de r ives  from t h e  assumption t h a t  a l l  t h e  
r e l a t i o n s h i p s  being modelled a r e  adequately represented by l i n e s r  
equat ions.  When the  va r i ab le  under cons idera t ion  i s  an  a rea  of land 
t h i s  assumption becomes one of twice the  a.rea twice the  o u t p l t ,  i.e. 
no economies of scale.  
sent  the  l andyareas ,  which a r e  our dec i s ion  va r i ab les ,  by 
the  s e t  then t h e  o u t p t  of some commodity, which i s  
our ob jec t ive  funct ion ,  i s  given by 
The ob jec t ive  being t o  maximise t h e  value of Y. A t  the  same time we 
a r e  concerned about t h e  output  of some o the r  oommcdities and wish t e  
prescribe va lues  belom which these  may not fall ,  these  become our 
cons t r a in t  funct ions .  If t h e  minimum values  a r e  ( s . )  then we requ i re  
J 
?A a x. h s 
- i i j  1 j f o r  a l l  j 
I n  matrix no ta t ion  t h e  l i n e a r  programming problem i s  
* 
max Y = b x 
subjec t  t o  A x .  s 
x d 0  
where Y i n d i c a t e s  t h e  value of the  ob jec t ive  funot ion  
x i s  a vec tor  of dec i s ion  v a r i a b l e s  
b i s  a vec tor  of known c o e f f i c i e n t s  
A i s  a matr ix  of lcnonn c o e f f i c i e n t s  
s i s  a vector  of known cons t ra in t s .  
The i n e q u a l i t y  
- 
L a . .  x . + s .  
=%I 1 J 
could equal ly  be w r i t t e n  a s  t h e  e q u a l i t y  
Zi a . .  x. = s .  + y .  where y . 2 0  
1 J  1 J J J 
The va r i ab le  y .  i s  known a s  a surplus  var iable .  If the  sk i s  a 
J mafimum rather. than a minimum value (which i s  possible under the  
. e a r l i e r  formulat ion by use  of negat ives)  then  we can w r i t e  
- 
aik Xi + Yk - s k where Yki; 
and yk i s  c a l l e d  a s lack  var iable .  
If commodity 'j' i s  produced i n  excess of t h e  cons t ra in ing  value then  
t h e  surplus  va r i ab le  y .  w i l l  be non-zero. If not a l l  t h e  land i n  land 
c l a s s  k i s  used f o r  sofie purpose then s l ack  va r i ab le  yk w i l l  be non- 
zerc. (This  w i l l  only occur i f  some commodity such a s  energy i n p l t  i s  
being minimi sea). 
This l i n e a r  programming problem c a l l e d  t h e  primal LP problem, was solved 
f o r  t h i s  work using the  two-phase simplex method (described by, -amongst e 
others ,  Van de Payne (.1975) pp 60-99). 
It can be shown (e.g. Trustrum, 1971 pp 19-21 ) t h a t  t h e  optimal 
so lu t ion  vector  of t h e  primal LP i s  t h e  same a s  the  optimal vector  of 
i t s  dual  LP provided both are f e a s i h l e  and have optimal vectors .  The 
d u a l  LP can be represented a s  * 
subjec t  t o  A l q  <- b 
q 2  0 
where q i s  the  vec tor  of dec i s ion  v a r i a b l e s  and A, s and b a r e  as 
defined i n  t h e  primal LP. 
; The dual  v a r i a b l e s  fq i  f q. .'r, 0) i n d i c a t e  t h e  marginal change i n  t h e  
l e v e l  of the  primal objec t i+e  f u n c t i o n  r e s u l t i n g  from a marginal 
r e l a x a t i o n  i n  one of t h e  cons t r a in t s ,  o r  
.i 
4 i = =Y - (where s. i s  t h e  i t h  element of vector  s). 1 a si 
. 
A zero dual  va r i ab le  q .  i n d i c a t e s  t h a t  a marginal r e l axa t ion  i n  s. 
w i l l  not a f f e c t  t he  vafue of t h e  primal ob jec t ive  funct ion,  as th& i t h  
cons t r a in t  i s  i ne f fec t ive .  This a l s o  means t h a t  the  surplus  o r  
* 
s l ack  va r i ab le  i s  nun-zero o r  basic .  
A va r i ab le  i s  r e f e r r e d  t o  a s  b a s i c  i f  it i s  defined i n  t h e  so lu t ion  
vector  (normally with a non-zero value.) 
These terms may beccme c l e a r e r  i n  t h e  context  o f  t h e  Cumbrian l i n e a r  
programing problem. Here t h e  dec i s ion  v a r i a b l e s  a r e  t h e  a r e a s  of 
land i n  each c l a s s  given t o  each use. The s lack  v a r i a b l e s  a r e  the  
unused a r e 3  of any land c l a s s  - land which would d e t r a c t  from t h e  
ob jec t ive  funct ion  under any of t h e  defined land uses  i n  t h a t  c lass .  
There i s  one s lack  va r i ab le  f o r  each land c lass .  The surplus  * 
v a r i a b l e s  a r e  the  degree t o  which t h e  o u t p t  c o n s t r a i n t s  a r e  exceeded 
- e.g. i f  t h e  surplus  va r i ab le  f o r  t imber production i s  zero  then  
timber production has  equalled,  not exceeded, t h e  cons t r a in t .  
There i s  one surplus va r i ab le  f o r  each constrained o u t p t  l e v e l ,  
When a l and  use i s  defined f o r  a  land c l a s s  i n  t h e  LP so lu t ion  then the  
corresponding decis ion  vector  i s  sa id  t o  be i n  t h e  optimal b a s i s  or, 
I )  
more simply, basic .  S imi lar ly ,  when a s l ack  o r  surplus  va r i ab le  i s  
non-zero it i s  s a i d  t o  be basic .  Thus if t h e  so lu t ion  involves  t h e  
use of some o r  a l l  of land c l a s s  1 f o r  d a i r y  c a t t l e  then t h a t  dec i s i cn  
va r i ab le  i s  SIC, if milk production exceeds t h e  oons t r a in t  value 
then  a u n i t  f. c ange i n  . t h e  oons t r a in t  value w i l l  no t  a f f e c t  t h e  value 
of t h e  ob jec t ive  funct ion.  
Some of these terms a r e  used a g a i n  i n  d iscuss ion  of the  s e n s i t i v i t y  of 
r e s u l t s  t o  changes i n  var ious  parameters (Chap. 6) .  
C 
4. INPUT Am OUTPUT - COEFPICIENTS 
Problems a r i s e  i n  es t imat ing  t h e  i n p u t s  t o  and outputs  f r o m ~ t h e  land  
c l a s s e s  because al though they  a r e  not s t r i c t l y  homogeneous, they  must 
be t r e a t e d  a s  such f o r  modelling purposes. The inhomogeneity c m  be 
seen i n  t h e  v a r i a t i o n  i n  A l g r i c u l t u r a l  Grade (Table ;?.I+) and Vegetat ion 
Group ( ~ u n c e  and Smith, 1978) (Tai>le 4.7). 
The cons idera t ion  of t hese  a l t e r n a t e  c l a s s i f i c a t i o n s  of t h e  land  i n  t h e  
4ic"-cr, county prompts t h e  thought t h a t  t h e  modelling might be bes t  Fur-- 
t h e  b a s i s  of one of t h e s e  c l a s s i f i c a t i o n s  r a t h e r  than  t h a t  of l and  
c lass .  This would c e r t a i n l y  be tempting if our i n t e r e s t  was 
r e s t r i c t e d  t o  a g r i c u l t u r a l  p roduc t iv i ty  but a s  we have a l s o  determined 
t o  inc lude  i n  t h e  model f o r e s t r y ,  r e c r e a t i o n  and na ture  conservation, 
t h e  more broadly based land  c l a s s i f i c a t i o n  i s  appropr ia te .  
The c lose  s i m i l a r i t y  i n  a g r i c u l t u r a l  grade and vegeta t ion  group 
d i s t r i b u t i o n s  suggests  t h a t  these  a r e  derived from inherent  
d i f f e rences  i n  t h e  land r a t h e r  than  i n  i t s  treatment.* C lea r ly  
t h e r e  m i l l  be changes from time t o  t ime i n  t h e  ex ten t  of c u l t i v a t i o n  
o r  pas ture  improvement depending on t h e  p r o f i t a b i l i t y  of t h e  d i f f e r e n t  
farming procedures, on a v a i l a b l e  ca-pita1 and on t h e  experience of t h e  
ind iv idua l  farmers.  
But it can only  keasumed, i n  de r iv ing  f a c t o r  c o e f f i c i e n t s ,  t h a t  t h e  
same i n t e n s i t y  of e f f o r t  i s  being expended on achieving production i n  
a l l  part ,s  of each ind iv idua l  l m d  c l a s s .  There may be d i f f e r e n c e s  i n  
t h e  approach t o  f u l l  r e a l i s a t i o n  of p o t e n t i a l  p roduc t iv i ty  between 
c l a s s e s  ( p a r t i c u l a r l y  between lowland and upland) and t h e r e  may be 
changes wi th  time (e.g. i nc reases  i n  a g r i c u l t u r a l  p roduc t iv i ty  with 
changing technology and t h e  e f f e c t s o f  accumulating c a p i t a l  investment),  
but i n  each land c l a s s  it must be assumed t h a t  t h e  degree t o  which the  
land i s  r e a l i s i n g  i t s  p o t e n t i a l  i s  t h e  same throughout. I n  t h e  f irst  
ins t ance  t h i s  l e v e l  of p roduc t iv i ty  i s  taken t o  be roughly t h a t  of 
today's r e l a t i o n s h i p  of i n p l t s  and outputs.  
*The v a r i a t i o n  i n  land  q u a l i t y  wi th in  a  l and  c l a s s  can be seenfrom 
t h e  fern pa r i shes  which a r e  wholly ( ? 9 y , )  i n  l and  c l a s s  1. The 
l i v e s t o c k  car ry ing  (GLU) r a t in f l s  a r e  der ived  by ~neansdescribed i n  
s e c t i o n  (l.,..l - 2 ) .  
p a r i s h  Compsi t ion  by a g r i c u l t u r a l  land  Class  
34 'iolme Low 3-9076 4 - 1 %  
203 Winsoales 3 - 3&, 4 - 7% 
347 Rincas t e r  3 -1 OC$, 
365 Sedgwick 3 -1 O@, 
367 Sta in ton  3 - 5%, 4 - 5 6  
643 Mansriggs 3 - 2$, 4 - 8$ 
653 Urswick 3 - 8 6 ,  &-I%, 5 - 1 9 ;  
GLU r a t i n g  
4.1 .I INPUTS - LABOLT and Z N D G Y  
The input  l e v e l s  necessary t o  al low production of a  p a r t i c u l a r  quant i ty  
of output can be defined i n  terms of the  output  l e v e l  and of the  a r e a  
of l and  from which it comes. 
For example, t h e  land being grazed by beef c a t t l e  r equ i re s  a  
def ineable  q u a n t i t y  of labbur and energy f o r  i t s  maintenance. A t  t h e  
same time each animal ( o r  each grazing l ives tock  u n i t  - GLU) has  i t s  
own requirements. 
I n  at tempting t o  give va lues  t o  these  requirements i.b i s  necessary t o  
make c e r t a i n  assumptions and g e n e r a l i s a t i o n s  about the  way the  land i s  
t r ea t ed .  's shown i n  Table 4.1 t h e  land c l a s s e s  a r e  not homogeneous * 
but a s  argued above i t  must be assumed t h a t  t h i s  i s  an  inherent  
he terogenei ty  and t h a t  t h e  l e v e l  of investment i n  the  land is, 
throughout each land c l a s s ,  t y p i c a l  of current  a g r i c u l t u r a l  o r  f o r e s t r y  
p rac t i ce  a s  pe rmi t t ed  by t h e  q u a l i t y  of t h e  land. 
&culture - Cropping 
A l a r g e  number of d i f f e r e n t  crops a r e  grown i n  Cumbria - wheat, barley, 
oa t s ,  potatoes,  kale,  o i l  seed rape,  and var ious  h o r t i c u l t u r a l  
products. The major i ty  of t h e  produce i s  consumed a s  s tock feed. 
The a r e a  gevoted t o  crops f o r  d i r e c t  human consumption2is only about 
50-1 00 km out of a  t o t a l  cropped a r e a  of about 360 km . The a c t u a l  
a rea  of crops which i s  not  f o r  s tock i s  very va r i zb le  and even i n  t h e  
c l a s s i f i c a t i o n  "E;otatoes and o ther  crops" t h e  a rea  dropped from 107 km 
i n  1961 t o  58 km i n  1974 (l!orthe$n Region St ra tegy Team, 1976). I n  
a d d i t i o n  i n  1974 there  were 1 3  km under vheat  while a small 
proport ion of the  bar ley  and o a t s  o r o y  mould be f o r  o the r  than stock 
feed. Hor t i cu l tu re  only used 1.2 km of land i n  1971+. 
Thus t o  def ine  values of input  requirement f o r  cropping i n  Cumbria 
cons idera t ion  vias r e s t r i c t e d  t o  wheat ( f o r  bread making) hnd potatoes. 
The energy f i g u r e s  a r e  from Leach (1976) and labour from Nix (1 976). 
The breakdovrn and f u l l  d e r i v a t i o n  i s  g iven i n  Appendix 2. 0 
Por spr ing  wheat, t he  g ross  energy requjrement i n  f e r t i l i s e r ,  fieldviork 
and sprays i s  reckoned a t  1.4 TJ per km ; t h e  labour  f o r c e  requi red  
f o r  pre-harvest p r e p r s t i o  and c o l l e c t i o n  of straw i s  about 150 ShlD 9 \. (Standard Man Days) pzr km , Input  requirement f o r  ba r l ey  and o a t s  
i s  very  e imi l a r  while i n  each case a d d i t i o n a l  labour and energy i s  
requi red  f o r  s torage,  processing, and. d i s t r i b u t i o n  before consumption. 
TThen the  wheat i s  used f o r  bread the  a d d i t i o n a l  energy r$equirernent i s  
1.6 TJ per TJ food energy. As t.he labour requi red  f o r  baking, 
d i s t r i b u t i o n  and s a l e s  i s  e s s e n t i a l l y  c i t y  based ( i .e .  not con t r ibu t ing  
t o  r u r a l  emp10,yment prospects )  t h i s  i s  not included i n  t h e  model and 
t h e  a d d i t i o n a l  r u r a l  labour  component i s  reckoned as 30 SIYD per. TJ food 
energy output.  
S imi la r ly  f o r  pota$oes t h e  a r e a  dependent q u a n t i t i e s  a r e  2.6 TJ per km 2 
and 470 SMD per km ; and t h e  o u t p t  dependent a r e  0.019 TJ per T J  
food energy (low processing requirements) and 450 SMD per TJ (high 
labour use i n  picking and r idd l ing ) .  
The formulae used therefore  i n  c a l c u l a t i n g  inpu t s  t o  cropping products 
were f o r  bread....... 
-1 -2 Energy inpi;t = 1.6 TtJ.7J'J_1 + i.4 TJ.!m 
Labour = 50 SBID. TJ + 150 3%. km-2 
and f o r  potatoes.. . .  . 
-1 -2 Ene:gy i n p u t  = 0.19 TJ.TJ-l + 2.6 ;7j..lcm 
Labour = 450 S:i!D. ':J + 470 S M D . ~ ~ - ~  
m- live-k
Although the  major i ty  of cropped land i n  Cumbria i s  proliucing f o r  
l i v e s t o o k  consumption t h i s  i s  on1.y a emall p-oportion of t h e  t o t a l  
a r e a  being used p r i n a r i l g  f o r  l i v e s t o c k  support.  he t o t a l  a r e  of 
'3 
a r a b l e  land  i n  the  county i n  1974 was about  350 km . 'The survey of 
vegeta t ion  d i s t r i b u t i o n  (EuLoe and Smith, 1.776), g i v e s  e s t i m t c s  of 
the  a r e a s  of d i f f e r e n t  l i v e s t o c k  support types  a s  d i f f e r e n t  vegeta t ion  
,;roups. Although d iscrepancies  .from knom f ig : .~ res  of a r ~ b l e  and f o r e s t e d  
land  a re  q u i t e  l a r g e ,  t h e  d i s t r i b u t i o l l  of l i ~ e s t o c k ~ s u p p o r t i n i :  land i n  
t h e  o c u n p  may be considered a s  oul.ti3a-bed (1500 ) improved pa3ture 
(1100 ?m; ), permanent paskcre (700 km ) and rough grazing (2600 k t  ) :  
these  es t i r ra tes  of a r e a  r e f l e c t  the  vegeta t ion  survey da ta ,  the  know 
a r e a s  of c r o p  and f o r e s t r y ,  and t h e  t o t a l  a r e a  of a g F i c u l t u r a l  land,  
ziven by t h e  sum of t h e  MA?F census a rea  and t h e  a r e s  of  cornon land,  
- 2 
of about  5900 km . 
I n  o rde r  to  determine t h e  energy and labour  i n ~ r l t s  t o  livoatocl: 
support  i n  each land  c l a s s  the d i s t r i b u t i o n  of these  vege-tation groups 
through t h e  land c l a s s e s  (Table 4.1) cti.11 be used. It remains then 
. t o  de f ine  t h e  i n p u t s  t o  t h e  vege ta t ion  groups. 
Leach (1976) give:: t h e  g ross  energ-: consumption of c e r t a i n  land 
tending a c t i v i t i e s  r h i l e  similar f ig i . r e s  f o r  labour  a r e  a v a i l a b l e  from 
Nix (1976). Appendix 1 g ives  .the de r iva t ion  of the  t o t a l  r e q u i r  ments 5 
as shown i n  Table 1+.2. The energ:; and labour  requirement per  km of 
each land c l a s s  deFived i n  t h i s  way i s  given i n  Table 4.5. 
I n  add i t ion ,  t he re  a r e  i n p u t  l e v e l s  as,.,cciated with each animal. Leach 
(1976) g ives  the  energy f ig4r t . s  f o r  c a l t l e  but  only  whole farm averages 
f o r  sheep. Nix (1976) g ives  d e t a i l e d  labour f i g u r e s  f o r  many k inds  of 
l i v e s t o c k .  The d e r i v a t i o n  of i np i - t s  per Grazing Livestock Unit  (GLU) 
i s  given i n  Appendix 1 and aummarised i n  Table 4.b. 
Timber 
--- 
3mith.snd Johnson (1977) r e p o r t  the energy budget of a poss ib le  
in t ens ive  s i l v i c u l t u r a l  programme of energy prod.uction. They es t imate  
t h a t  f o r  "mechanical s i - t e  preparat ion,  p lan t ing ,  some subsequent 
correct iv:  measures, and perhaps the  ap,:licai;ion of 100 pounds of 
n i t rogen a s  urea during a 30 year  r o t a t i o n "  the  energy cos t  would be 
about  650 l i t r e  per hec ta re  of f u e l  o i l  equivalent .  They d iv ide  t h i s  
i n t o  470 l i t r e  f o r  f e r t i l i s e r  and 100 l i t r e  f o r  s i t e  pr a r a t i o n  per  
-'ip hec tare ,  Lenci! (1976) r a t e s  f u e l  o i l  a t  46.6 E8J litry so t h e  
gross  energy r e  uirements i n  t!?is case a r e  2.2 TJ km- f o r  f e r t i l i s e r  
and 0.84 TJ km-' f o r  s i t e  preparat ion.  
The UX F o r e s t r y  Commission havc a standard r a t e  of f e r t i l i s e r  
a p p l i c a t i o n  wheL,e necessary; f o r  example i n  the  Rorth Vest England 
Conservancy peaty i ronpans a r e  t r e a t e d  v i t h  phosphorus i n  years  0 and 
1C of t h e  cycle. The-rates  a r e  given i n  Table 4.5. The energy 
c o s t s  of the  f e r t i l i s e r s  a s  given by Leach (1976) a r e  - 
Phosphorus 14 XJ kg-' ; Nitrogen 80 MJ kg-' 
-1 
and Potassium 9 :+.;J kg . 
Thus t e phosphorus t reatment  r ep resen t s  a  t o t a l  energy inpu t  of 0.15 5 TJ km- over the  usual  f i f k y  year  cycle. 
I n  t h e  example of Smith and Johnson the  100 q u n d s  (45 kg) of urea  per 
a c r e  an  energy i n p t  of 0.8 TJ km- and so the  remainder of 
t h e i r  est imate must a r i s e  froin the  energy cos t  of t r anspor t ing  and 
spreading the  f e r t i l i s e r .  
Overall ,  t he  t o t a l  e rergq  requireme$ of s i t e  prepara t ion  and 
management should be from 1-2 TJ km over a  fift:? year  cycle  i n  the  
-yK, 
depending on -the need f o r  f o r t i l i s e r .  This  i s  0.02-0.04 TJ km-2 y r  . 
Smith and Johnson quote the  American Fu lp~ood  Assoc ia t ion ' s  est imate 
of 5.16 gg3lons ( f u e l  o i l  equivalent )  per cord f o r  harves t ing  - t h i s  i s  
0.25 G J  m . This f i g u r e  i s  l i k e l y  t o  very s u b s t a n t i a l l y  from place 
t o  ?lace and with species  and f o r e s t  management policy. It i s  probable 
t h a t  t h i s  f i g u r e  inc ludes  some transpor-Lation vhich may be a 
s ign i f i can t  cost .  (1n f a c t ,  fg r  each km of t r anspor t  t h e  energy 
requirement i s  =ound 1.0 N.J m - see Table 6.1). 
Since t h e  t i n b e r  nust be mil led before any commonplace use, t h e  energy 
used f o r  mi l l ing  i s  included i n  the  timber production requirement.. 
Zerbe (1 971 ) quotes the  US average f i g u r e  of 0.539 krvh per board foot .  
This i s  0.822 G J  m-3. The energy cos t  of mi l l ing  n i l 1  depend on the  
dens i ty  of t h e  wood although t o  what +.egree i s  unc r t a i n .  The d e n s i t y  
of - y e e n  S i tka  spruce ( 8 9  moisture)  i s  0.58 6 cm-' and of beech 0..96 g 
cm . On tl.15 b a s i s  of' i h s e  d i f f e r e n c e s  and t h e  l i k e l y  s p l i t  betwee 
softnoods and ardwood i n  the  US average f igure,  va lues  of 0.75 GJ m -3 
-3 
an4 1 .OO G J  m riere adoptecl f o r  softnood and hardnood respect ive ly .  
3~ a n  i n t e r n c l  note the  Fores t ry  Commission estimated t h a t  i n  1973-74 
the  t o t a l  energy 'used on a c t i v i t i e s  i n  Yorestry Commission f o r e s t s '  
-2 
was 1090 T.T (A. J. Grayson, pe-s. comm). This i s  around 0.15 TJ km 
but s ince  the  p lan ta t ion  a r e a  i s  gronring the  proport ion requi r ing  
thinning r-nd f e l l i n g  i s  lower than f o r  a constant  a r e a  of' p lanta t ion .  
P igures  on the  labour requirements of var ious  f o r e s t r y  p r a c t i c e s  a r e  
given i n  T-ble 4.6. Sinca concern i s  p i t h  rural emp10,pent the  work 
i n  t r anspor t  and mi l l ing  i s  not included i n  f u r t h e r  ca lcula t ion .  A 
r o t 2 t i o n  period of 60 yea r s  i s  assumed t o  convert establ ishment  
reqrirement t o  an armual f igu re .  3oad work i s  not included although 
est imates of roed requi renent  per u n i t  a rea  of f o r e s t  could probably 
be made. 
The d i f f e rences  betvieen FC and Pr iva te  7[oodland f i g u r e s  probably a r i s e  
more from di f ferences  i n  sca le  and degree of mecbanisation than from 
t!le use  of d i f f e r e n t  species  by the  tyro g o u p s .  Nevertheless  ext rn  
labour i n  e s t ab l i sh ing ,  m i n t a i n i n g  and logging rould  be required i n  
deciduous p lan ta t ions  anC f o r  t h i s  exerc ise  es t imates  of labour inpu t s  
t o  coniferous f o r e s t  a r e  made fromthe Fores t ry  Commission f i g u r e s  and 
t o  decidumus f o r e s t  from Pr iva te  ioodland data.  
A summery of i k e  inpu t s  t o  f o r e s t r y  i s  given i n  Table 4.7. 
Table 4.1 D i s t r i b u t i o n  of vegeta t ion  groups wi th  land c l a s s  
Land Vegetat ion group 
Class  Cult ivated Improved Permanent , Rough 
(1-8) pas ture  (9-1 2 )  pas ture  ( I  3-1 6) graz ing  (1 7-32) 
+ A l a r g e  p a r t  of t h e  t o t a l  a r ea  i n  c l o s s  8 squares i s  beach o r  mud o r  
sea. These f i g u r z s  r ep resen t  propor t ions  of  t h e  remaining vegetated 
area.  
Table 4.2 Labour and energy i n p u t s  t o  Vegetation by groups 




Permanent p~ s t u r e  
Rough grazing 
Table 4.3 Labour and energy inputs  t o  q r i c u l t u r a l  land by land Olass 
band c l a s s  im h - 2 )  Labour (S, 
*&set? on t h e  734 of c l a s s  8 ass igned t o  vege ta t ion  groups 
Table 4.4 Labour and energy inputs  per  un i t  o f  Livestock 
I (worn -4ppendix 2) 
Energy (TJ GLU-' ) Labour (SKI GLU-' ) 
Dair,y 
Beef 
Sheep - lowlanc! 
- upland 
- h i l l  and f e l l  
Table L.5 Rate of F e r t i l i s e r  k .ppl ica t ion  - UK Pores t ry  Commission 
(F.c. pers. ~omm.) 6 
Slement Rate..l Active h t e  (kg ha 1 percentage (kg ha-' ) 
P rock phosphate 375 11-17 .: 53 0 
K muriate of potash 200 50 I00  
(KC11 
TT p r i l l e d  urea 375 46 173 
Table 4.6 Labour requirements f o r  various f o r e s t r y  p rac t i ces  
(A. J. Grayson, Fores t ry  Commission, pers.  comm. ) 
Operation Unit F.C. P r iva te  
Fores t  p ro tec t ion  and 
mainterance, road 
maintenance 
Road cons t ruc t ion  
inc luding recons t ruc t ion  
Logging 
Transport and mi l l ing  
- small roundnood 
- sawlogs 
-1 
man-year ha 0.072 f le r  p l a n t i r g  0.09 
Zestocking 0.11 
man ha-' 0.0021 0.0040 
man-year km -1 2.42 3.5 
man-year n - j ~ .  B. 0.001 75 0.0021 
man-yea m - j o  B. 
o .0025 
0.0037 
O.B. - measured over bark 
Table 4.7 Labour and anergy inputs  t o  timber production 
Energy (TJ) Labour (LB) 
per km 2 per 100 m 3 per h2 per 100 m 3 
S O ~ ~ ~ I O O ~ S  0.02-O.ok* 1 .OO 83 440 
Fiardnood s 0.02-O.O&* 1.25 130 5 30 
*Depending on f e i - t i l i s e r  r e q u i r e m e ~ t  a s  given i n  Table 11. 
4.1 - 2  OUTPUTS - TIIUIEU7, 1.GTffCULTUXAL PXODUCTS 
Timber 
The pote11tia.i. production of timber from rw f o r e s t  i s  comi::oi~ly 
designated ss  t h r  Yield Class (Y.c.). :he Y.C. f i g u r e  i s  an e s t g ~ a t  
of the output  of t i i ~ b e r  i n  cubic metres per hcc ta re  per ac:ium (rn~ha-';,,-') 
an* depends on 
i{ t h e  spec ies  
ii managemer~t p r a c t i c e  
iii s o i l  condit ion inc luding  wetness 
cl imate,  p a r t i c u i a r l y  temperature and exposure 
Busby (1974) has  summarised t h e  ,yie:L$ c l a s ~ e s  under a v a r i e t y  of 
c o ~ b i n a t i o n s  of these  f a c t o r s .  Tabie 4.8 g i v e s  h i s  r e s u l t s  f o r  the 
Fores t ry  Commission' s (FC) North West &gland Conservanc-, . 
Assessing t h e  p o t e n t i a l  f o r  timber production from t h e  C u ~ b r i a n  land 
c l a ~ s e s  the re fo re  r e q u i r e s  knowledge of t b ~  s o i l  condi t ion  of each land  
c l a s s .  Unfortunately, the  l a r g e s t  s ca l e  s o i l  ma? covering the  county 
i s  t h e  I  :I 000 000 "So i l  Map of England and Tiales". The s o i l  
c a t e g o r i e s  used. do not  coincide with those of m s b y  and the s c a l e  of 
t h e  map i s  suoh t h a t  a  r e l i a b l e  es t imate  of s o i l  condit ion i n  any 
kii.ome-Lre square i s  not  p o s ' ~ i b l e .  However, t h i s  was aitempied, i n  t h e  
howledge  t h a t  adjustments  could be made on the  ban i s  of l o c a l  • 
experience. 
The s o i l  t:i?es given on t h e  map a s  o c c u r k g  i n  Cumbria a r e  l i s t e d  iii 
Tabie 4.9. The d i s t r i b u t j o n  of these  betreen the  land c l a s s e s  rTas 
then es t ina teC by determining the s o i l  t;rpe in each of e i g h t  random 
squares i n  t h e  1 6  land c l a s ses .  Yjhere -thtr s c d e  of the  map maze t h i s  
unce r t a in  th i  two o r  t h r e e  poss ib le  s o i l  t-.-yes f o r  t h e  square were 
considered t o  cover one ha l f  o r  one t h i r d  of it .  On t h i s  b a s i s  t h e  
d i s t r i b u t i o n  given i n  Table 4.9 were obtained. 
To a s s i g n  - i ie ld c l a s s  va lues  t o  the  s o i l  types  defined from t h e  map t h e  
va lues  given by Wsby were used a s  a  b ~ s i s .  The.best .of  the  mapped 
s o i l  grades (,p:pe 62) ;?as giver: the i ; i ghes t  .7ield c l a s s  l i s t e d  by 
. k s h y  with o ther  grades being matched to  o r  cornpi-ed with lh sby ' s  s o i l  
groups 7.rhere possible .  The v a r i a t i o n  wi th  a l t i t u d e  a l s o  followed Buskt 
although i t  vms f e l t  necessary  t o  in t roduce  f u r t h e r  d i v i s i o n s  a t  450 m, 
525 m and 600 m a l t i t u d e .  Est imates of :rields a t  these  ~ r e r t e r  he igh t s  
mere made from other  sources ....... 
There i s  evidence from -the Worth Per-ainea of  t h e  growth r a t e s  of Norway 
spruce and S i t k a  spruce above 450 m. Mil.lar (1964) m o t e  "Given she l t e r  
from wind, t r e e  growth i s  yoss ib l e  a:' t o  2000 f t .  a t  l e a s t .  Ur,der t h e  
topographical  cor:&itions of Alston Moor t h i s  i s  l i k e l y  t o  ap:;v only 
t o  occasional  t r e e s  @:rowing, f o r  example, i n  :ma l l  h i l l s i d e  c l e f t s .  If 
the  f o r e s t  l i m i t  i s  defined a s  t h e  zone where f o r e s t  g i v e s  way t o  open 
moor, then i t  pr0hbl:r l i e s  between It300 and 1?00 f t .  a t  i t s  highest." 
:Nhite (pe r s .  conun. ) repor ted  observat i  oils of Norway spruce a t  Ashgi l l  
( ~ ~ 7 7 0 4 0 0 )  i n  1962. He g i v e s  evidence of a  y i e l d  c l a s a  of 6 a t  490 m, 
but l e s s  than  4 a t  525 m on t h i n  peat. &fore recent  S i t k a  Spruce 
p lan ta t ions  i'n t h e  same a r e a  a r e  not  y e t  of s u f f i c i e n t  s i z e  t o  i n d i c a t e  
a y i e l d  c lass .  'iiilliams (1975) suggests  t h a t  10 would be o p t i m i s t i c  
and the  l o c a l  Commission O f f i c e r  expects  a y i e l d  c l a s s  of 6-8 a t  
490 m on peaty g l e y  o r  surface water g l ey  d e s p i t e  some chacldng with 
heather  (pers .  comm. ). 
The values of yei ld c l a s s  by s o i l  type  and a z t i t u d e  ac able 4.10) were 
combined with t h e  d i s t r i b u t i o n  of s o i l s  by land c l a s s  (Table 4.9), and 
t h e  predominant a l t i t u d e s  of t h e  land c l a s s e s  (Tables L9 and 4.11 ). 
The r e s u l t s  -re  i n  t h e  second column of !Cable 4.12. 
V i s i t s  were made t o  the  Fores t ry  Commission's Grizedale and Dunnerdale 
f o r e s t s ' t o  g a i n  empir ica l  evidence of growth r a t e s  i n  t h e  d i f f e r e n t  l a n d  
classos.  There was s u f f i c i e n t  use of land c l a s s e s  1, 2, 4, 9 and 11 
under both S i tka  spruce and J a p n e s e  l a r c h  t o  a s s e s s  the  y i e l d  c l a s s  of 
these  species.  Fores t  compartments which f e l l  wholly wi th in  squares 
of one l and  c l a s s  were se l ec ted  from d i f f e r e n t  p a r t s  of t h e  fores ' i  and 
t h e  mean values  a r e  given i n  second and t h i r d  cdumns of Table 4.12. 
It can be seen t h a t  these  vary  i n  a similer way t o  the  t h e o r e t i c a l  
values. That they a r e  gene ra l ly  lower r e f l e c t s  Fores t ry  Commission 
pa l icy  t o  make thr i r -csm s s t i m a t e s  af yield c l a s s  wnser-aiive. The 
o & y i m ~ t d e p r t u r e  from t h e  pa t t e rn  of the  t h e o r e t i c a l  values i s  
t he  1017 r e s u l t  from t h e  f o r e s t s  of land c l a s s  4. Although t h i s  c l a s s  
gene ra l ly  l i e s  i n  the  lnwest of t h e  a l t i t u d e  ranges given by Busby, it 
does l i e  i n  t h e  upper p a r t  of t h i s  range: t h i s ,  and the  l ike l ihood  of 
g r e a t e r  exposure i n  t h i s  c l a s s  support t h e  evidence of t h e  e m p i r b a l  
soore rrhich i s  nearer  t o  t h a t  of c l a s s  11 than o l a s s  1. The mean Y.C. 
f o r  c l a s s  4 was accordingly changed to 13.0. 
I n  ca lcu la t ing  the  annual y i a Id  of t h e  l and  c l a s s e s  the  Fores t ry  
Cammission p r a c t i c e  o f  al lowing 1% of f o r e s t  a r e a  f o r  roads  and r i d e s  
was followed. Yt-3~ t h e  y i e l d  class i s  mul t ip l i ed  by 85 t o  g e t  
product iv i ty  i n  m hn (Table 4.1 2). 
Hardwoods 
-- 
Timber production from deciduous woodland i s  gene ra l ly  lower than  t h a t  
of the  coniferous f o r e s t  although a y i e l d  c l a s s  of l ' c  has  been repor ted  
i n  England f o r  t h e  South Americen genus iJothofagus (Southern beech), 
Pmong na t ive  species  y i e l d  c l a s s e s  up  t o  8 occur under beech and 
s l i g h t l y  l e s s  under oak. The Farustry Comurission a s s igns  a nominal 
y i e l d  c l a s s  of 4 t o  i t s  broadleaved plantat ions.  
I n  assess ing  the  l i k e l y  y i e l d s  of t h e  Cmbrian land c l a s s e s  s y i e l d  
c l a s s  of 6 was given t o  c l a s s  2 with the  o t h e r  loviland c l a s s e s  reducing 
i n  t h e  same way as f o r  softr~oods. Above 300 m yield. was taken t o  
reduce more r a p i d l y  with a l t i t u d e .  
Agr icu l tu ra l  products 
Although the  d i s t r i b u t i o n  of a g r i c u l t u r a l  grades and vegeta t ion  groups 
by land c l a s s  i s  e s t ab l i shed  (Tables 2.4, k.1) t h e  a c t u a l  p roduc t iv i ty  
of the  indiv idual  grades o r  groups has not been defined i n  any way. 
Some es t imates  were made (~IAFF, pers .  comm.) i n  1971 t o  es t imate  the  
p o t e n t i a l  monetary o u t p l t  of t h e  a g r i c u l t u r a l  grades.. Although no 
conclusions were drawn, and t h e  many d i f f i c u l t i e s  of the  exerc ise  
discovered, some measure of t h e  r e l a t i v e  p r d u c t i v i t i e s  of the  grades 
was produced. Since then, pr ices ,  p r o d u c t i v i t i e s  and farming p rac t i ce  
have a l l  changed and thus  t h e  f i g u r e s  given i n  Table 4.13 a r e  proposed 
only  as a very  rough guide t o  r e l a ~ i v e  o u t p t .  0 
'1n .view of t h i s  uncer ta in ty ,  empirical  evidence of the  product iv i ty  of 
' t 6 e  l and  &asses  was sought. ~ i f f i c u l t i e s  a r i s e  because ELgricultural 
Dataare collect'ed bn a par ish  bas is .  Par ish  boundaries n a t u r a l l y  do 
not  f ollovr g r i d  square boundaries. i fever the less  the  Agr icu l tu ra l  
Census r e s u l t s  from 1973 and o the r  information were analysed and t h e  
s tock support a b i l i t y  of the  land c l e s s e s  estimated. ........ 
Stock support r a t i n g s  
-- 
The :qemana f o r  food v a r i e s  from animPl t o  animal but those of t h e  same 
type a@ funct ion  a r e  assumed t o  r equ i re  t h e  same quanti ty.  Thus a 
d a i r y  cow i s  defined 8s one grazing l i v e s t o c k  u n i t  (GLU) while a h i l l  
ewe i s  r a t e d  a t  one-tenth of a GLU. The f i g u r e s  f o r  o the r  amals a r e  
. . - . . given i n  .Tzble' /+.It+. 
. .. . . 
Although the  par ish  r e t u r n s  contain l i v e s t p c k  peculations i n  a range of 
categories ,  these  f i g u r e s  have not been t r a n s f e r r e d  i n t o  a form 
s u i t a b l e  f o r  complter a n a l y s i s  a t  Nerlewood. O w h e  'Total  Cat t le  and 
Calves' and 'Total  Sheep and Lambs' i n  each par ish  have been t r e a t e d  i n  
t h i s  wag. 
There viere 290 par i shes  i n  Cumbria i n  June 1973 and r a t h e r  than rework 
a l l  t h e  l i v e s t o c k  de ta  a sample was taken t o  est imat? t h e  r e l a t i o n s h i p  
between these t o t a l s  and t h e  GI,U i n  t h e  par ish .  The GLU r a t i n g s  ~f 
Table 4.14 were appl ied  t o  a rcndom group of par ishes  t o  est imate the  
r e l a t i o n s h i p  between 'Total  Ca'ttle and Calves' and t h e  t o t a l  GLU, and 
then between the  number of p o t e n t i a l  milking coas an& GLU (Table 4.15 
(b)) .  Est imates of the  sane r a t i o s  can a l s o  be der ived  r'om knowledge 
of farm management p rac t i ces  (Table 4.1 5 (a)). It can be seen t h a t  
the  two metbods give.good agreement and it can be s a f e l y  suggested t h a t  
G:U r a t i n g  of the  parish,  i n  c a t t l e ,  i s  given, t o  a good approxha t ion ,  
by between 0.61 and 0.69 of the  'Total  C a t t l e  and Calves' depending on 
the  proport ion of beef t o  h i r y  c a t t l e .  
A s imi l a r  procedure may be followed f o r  'Tota l  Sheep and Lambs' ( see  
Table 4.16). A s  Table 4.14 shows, the  breeds which a r e  c l a s s i f i e d  as 
h i l l  sheep r e q u i r e  considerably l e s s  food than lowland breeds, but the  
two w e  not d is t inguished i n  the  Census r e tu rns .  Table 4.16 impl ies  
a r a t i o  of 0.64 between ewe equivalents  and 'Total  Sheep and Iambs' - 
mhere a ewe equivalent  i s  between 0.2 GIU and 0.1 GLU depending on 
breed and environment. 
I n  order  t o  es t imate  the  G1.U r z t i n g  of the  par ishes  it i s  necessary 
t o  es t imate  which c l a s s  of sheep a r e  l i k e l y  t o  be found there .  It 
was assumed t h a t  the  proport ion of h i l l  sh+ep r i s e s  r a p i d l y  with the  
proport ion of land i n  c l a s s e s  9 t o  16. To accomodate t h i s  v a r i a t i o n  3 t h e  term (1+A ) was introduced i n t o  the  c a l c u l a t i o n  of GLU values. 
If A i s  the  proport ion of the  par ish  i n  l and  c l a s ses  1 t o  8 then the  
ef fec t  i s  t o  g ive  a value of 0.113 t o  each ewe when t h e  par ish  i s  50$! 
lowland, o r  0.173 G I U  when 9% lowland. 
Thus, the  capaci ty  of each par ish  was ca lcula ted  as. .  . . . 
3 0.64 ( C  + S (1 + A )/lo) where C = t o t s 1  c a t t l e  and ca lves  
S = t o t a l  sheep and lambs 
Dividing by the  a r e s  of a g r i c u l t u r a l  l and  i n  the  par ish  (3.e. t he  t o t a l  
a r e a  given i n  farmers'  census re- turns)  g ives  a  GLI: per  km' r a t i n g  f o r  
each par ish .  Some e r r o r  has  been introduced here  because a s  the  
par ish  f i g u r e s  show the  r e l a t i o n s h i p  between numbers of young stock 
the  mature stock a r e  not  constant  throughout the  parishes.  I n  some 
a r e a s  emphasis i s  on breeding and i n  o the r s  on f a t t e n i n g  so t h a t  t h e  
Tune f i g u r e s  bear a ' d i f f e r e n k  r e l a t i o n s h i p  t o  ove ra l l  carrying capaci ty  
i n  each case. IChuhus even i n  the par ishes  analysed i n  Table L.15 (b) ,  
v a r i a t z p s  of up t o  1% of the  mean r a i i o s  occurred. The va lues  of 
GLU km f o r  the  pa r i shes  cannot the re fo re  be considered t o  be any 
b e t t e r  than + 1C$ and poss ib ly  worse i n  the  marginal l ands  where the  
type of sheep i s  i n  doubt. The r~lost r e l i a b l e  es t imates  n i l 1  be those  
i n  the  d a i r y  dominated p a r t s  of the  lowlands. Where t h e r e  i s  
subs tan t i a l  common land o r  o ther  spec ia l  circumstances i n  t h e  par ish  
divergence n i l 1  be most pronounced. 
The est imated stocking d e n s i t i e s  mere p lo t t ed  q a i n s t  the  percentage of 
one o r  more c l a s s e s  i n  t h e  parish. Thus i n  Fig. 4.1 which shows the  
GLlT values a g a i n s t  percentage of land i n  c l a s s  1 it can be seen t h a t  
when the  percentage i.s 101. t he  s c a t t e r  i s  wide because the  a d d i t i o n a l  
l and  i n  t h e  par ish  may be of any qua l i ty .  The po in t s  converge a s  t h e  
percentage approaches 100, i . e .  all .  t he  par ish  i s  i n  land c l a s s  1. 
Some s c a t t e r  i s  s t i l l  evident  r e f l e c t i n g  the  e r r o r  i n  the  GLU est imates,  
d i f f e r e n t  i n t e n s i t i e s  of labour o r  energy i:lves.tment t o  the  land,  o r  
o the r  f a c t o r s  having l o c a l  e f f e c t s  on farming ef f ic iency.  The p l o t s  
f o r  c l a s ses  2-5 a r e  shown i n  Figs. l+.2-4.5. 
The stocking r a t e  i n  ,any par ish  (remembering t h e  inf luence  on the  
f i g u r e s  of common l and)  g ives  a minimum es t imate  of' the carrying 
capaci ty.  The p o t e n t i a l  s tocking r a t e  ( o r  car ry ing  caljacity) i s  taken 
t o  be thc  bes t  being achieved with some consistency i n  each land c l a s s .  
Clearly t h i s  stocking r a t e  a . ch i~ved  w i l l  a l s o  dopend on t h e  appl ied  
technology, methods of husbandry, and i n t e n s i t y  of operation. I n  
a d d i t i o n  t o  l o c a l  v a r i a t i o n  the re  i s  a  genera l  increase  i n  a g r i c u l t u r a l  
product iv i ty  of around Tg per a n n m  i n  the  U.K. ( A .  . 1976). 
:;/hile stocking r a t e s  i n  cl8,ss;;s 1 t o  5 mere est imable i n  t h i s  m y  the  
o-ther land c l z s s e s  d id  not, indiv idual ly ,  so dominate any par ish  t h a t  
es t imates  could be made. 
Class 7 i s  l a r g e l y  mud and sand and was excluded from t h e  nodel. The 
p l o t  f o r  c l a s s  8 an<. the  d i s t r i b u t i o n  of a g r i c u l t u r a l  grades wi th in  it 
suggest marked s i m i l a r i t y  t o  c l a s s  1. S imi lar ly ,  c l a s s  6 i s  very much 
l i k e  c l a s s  5, poss ib ly  having a s l i g h t l y  higher  a g r i c u l t u r a l  
productivi ty.  
E s t i n a t e s  f o r  the h i l l s  and f e l l s  can be derived from cons idera t ion  of 
f i g u r e s  f o r  the  Hartsop Valley i n  c e n t r a l  lakelanii. F c i s t  e t  a 1  (19%) 
g ives  the  t o t a l  l i v e s t o c k  populat ion of the  va l l ey  a s  ( i n  ~ u n e )  9000 
sheep and lambs, 211 suckler  cows, 6 b u l l s  and 236 young stock (ca lves  
re-red t o  s t o r e s  and f o r  a  covl r e ~ l a c e m t n t ) .  This s tocking rep resen t s  
a  year  round car ry ing  of about 800-850 GLU. 
2 Grazing land i n  3he v a l l e y  i s  categorised a s  1.8 $m in-bye, 2.0 km 2 
al lotment;  26 km enclosed high f e l l ,  and 10.5 km comnon high f e l l .  
I n  terms of land c l a s s  the  d iv i s ion  is.. ... 
Land elass 2 Area (h ) 
Clea r ly  the  land c lassed  a s  high f e l l  does not a l l  f a l l  i n  l and  c l a s s e s  
1h-16, but  a l s o  inc ludes  a l l  of  9 and a l a r g e  pa r t  of The 
car ry ing  capaci ty  of the  va l l ey  a s  a  whole i s  24 GLU km ( f o r  823 GLU 
t o t a l ) .  
I n  using t h i s  f i g u r e  t o  es t imate  s tocking r a t e s  f o r  ind iv idua l  l and  
c l a s ses ,  t h e  fol lowing po in t s  a r e  relevant..... , 
i) i n  reckoning stocking c a p a c i t i e s  it i s  conventional ( i n  M.A.F.F. 
publ ica t ions  f o r  example) t o  take  3 u n i t s  of rough grazing land 
a s  equivalent  t o  1 u n i t  of in-bye. .)mile both types a r e  c l e a r l y  
of va r i ab le  q u a l i t y  t h i s  might be taken a s  a fair comparison of 
l a n d  c l a s s e s  11 and 15;  
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i i )  a h i l l  stocking r a t e  of 2.5 a c r e  per ewe (15 GLU km ) i s  common 
and reasonable (M.A.T.F., pers. corn.); 
i i i )  t he  d i s t r i b u t i o n  of P.gricultura1 grad-es (Table 1+.21) i n d i c a t e s  
e 
t h a t  c l a s s  I1 i s  t h e  bes t  of t h e  upland c l a s s e s  followed by 12, 
10 and 9; an6 
i v )  c l a s s e s  1 3  and 1 4  have a s l i g h t l y  cooler  cl imate and a more a c i d  
s o i l  (Table li.l+l) and w i l l  have lower p o t e n t i a l  stocking r a t e s  
than c l a s s e s  15  and 16 respect ive ly .  
Although the  extension of current  s tocking i n  the  Hartsop Valley t o  the  
whole county  i s  an u n r e l i a b l e  method the7.e are no o ther  d a t a  a v a i l a b l e  
now. The unce r t a in ty  i s  r n r t i c u l a r l y  high i n  land c l a s s e s  9 t o  ?2. 
It was on these  bases t h a t  the  stocking r a t e s  given i n  Table 4.25 
were chosen. 
As a check on these values they were used t o  predic t  the  stocking r a t e  
of each par ish  and these  values were p l o t t e d  aga ins t  t he  par ish  
r a t i n g s  derived from t h e  census da ta .  F igure  4.6 shows a l a r g e  
s c a t t e r  about the  e q u a l i t y  l i n e .  
Checking chose par ishes  i n  which the  predicted value was more than  3552 
higher  o r  lower than the  census r a t i n g  (Fig. 4.7) revealed t h a t  
pa r i shes  i n  whioh t h e  a c t u a l  value exceeded the  predicted value by 
t h i s  amount were those containing l a r g e  a r e a s  of common land. Where 
the  a c t u a l  quan t i ty  of s tock i.n t h e  par ish  was l e s s  than expected, a  
number of explanat ions seem t o  apply. I n  some a reas ,  f o r  eltample 
a 
p a r t s  of the  North Fennines, t he  lancl i s  not being used to capacity. 
I n  o thers ,  such a s  Langdale, t h e  Fressures of r ec rea t ion  and t h e  
devotion of farmers '  time t o  ca te r ing  f o r  t o u r i s t s  may l e s sen  stocking. 
It may be t h a t  while the  par ish  i t s e l f  conta ins  q u i t e  good l and  f l o c k s  
o r  herds  a r e  being grazed on i n f e r i o r  land i n  another  parish. Some 
par ishes  contain l a r g e  a reas  c l a s s i f i e d  by t h e  farmers a s  rough grazing 
although the  land c l a s s  i s  e n t i r e l y  lowland - t h i s  may be poorly 
drained peat  m ~ r s h  o r  land subjec t  t o  innundztion. 
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The ve lues  of GLU km assigned t o  t h e  land c l a s s e s  ('!able 4.17) a r e  
thought t o  be a f a i r  r e f l e c t i o n  of t h e  p o t e n t i a l  of most of t h e  land i n  
each c l a s s ,  i . e .  t he  stocking capaci ty  with present  mnageaent  
techniciues anc? the  inve-'cment of labour and energy a s  defined. 
Conversion o f x z m i . 1  to output 
- 
Having determined a measure of t h e  l i v e s t o c k  carrying c a p c i t y  of each 
land c1r .s~ it remains t o  convert t hese  f i g u r e s  iAio o u t p t  va lues  of 
milk, mest, food energy and wool. 
I n  Cumbria a s tock animal m i l l  o f t e n  move from one land c l a s s  t o  
another  during i t s  l i f e  time. wor example, l m b s  born t o  h i l l  ewes 
a r e  gene ra l ly  sold a t  a n  e a r l y  age and f a t t e n e d  on r i c h e r  lowland 
pastures. This system of management c r e a t e s  d i f f i c u l t i e s  i n  
t r a n s l e t i n g  carr.ying capaci ty  i n t o  food output.  
One might consider  t h a t  t h e  con t r ibu t ion  of t h e  l and  i s  measured by the  
l e v e l  of ed ib le  product c re s t ed  during the  s t ay  of each animal i n  each 
l and  c l a s s .  Thus, f o r  example, i f  each h i l l  eve produces one lamb 
each year  which i s  sold vsith a l i v e  weight of 10 kg then t h e  meat 
produc-Lion per ewe i s  apyroxim;itely 5 kg ( ca rcass  weight being 
approximately 50% of l i v e  ?;eight a t  time of s laughter) .  Then, if t h e  
lambs a r e  sold a f t e r  f a t t e n i n g  a t  a l i v e  weight of 50 kg then  t h e  
l a t t e r  l and  c l a s s  has  added 20 kg t o  t h e  ca rcass  weight. 
However, i t  i s  c l e a r  t h a t  land which s u p ~ m r t s  breeding stock w i l l  
produce l e s s  food per livestocl:  uni-t (whatever the  land c l a s s )  than 
land devoted. purely t o  f a t t e n i n g .  I.leverthelcss, some land must be 
used f o r  breeding, and so the h i l l  land  which i s  unsui table  f o r  
f a t t e n i n g  i n  f a c t  con t r ibu tes  more t o  county food production than 
s imply  the  weight-of lambs sold each year.  If the  breeding mere not 
'done on t h e  h i l l s  it vould be necessary t o  use l and  elsewhere f o r  t h i s  
purpose. Therefore i n  ca lcu la t ing  t h e  output  from d i f f e r e n t  l and  
c l a s ses ,  t he  food production per  l i v e s t c z k  u n i t  was taken t o  vary  only  
with environmentally induced changes i n  f e r t i l i t y ,  mor ta l i ty ,  weight 
ga in  o r  milk prorluction , r a t e s  and not with d i f f e r e n t  mamgement 
p rac t i ces .  
a )  Dairy cat ' t le  .. . 
Table 4.15 ( a )  i n p c a t e d  t h a t  one GLU means 0.60 milking 
d a i r y  cows per km . Leach (1976) g ives  an  average U.K. 
production of 4.14 tonnes of milk per  Fres ian  - year. Local 
f i g u r e s  (A.D.A.s., 1976.) g ive  f i g u r e s  of 4.73 tonnes f o r  
lowland herds and b.01 tonnes f o r  upland (150-300rn) dairying. 
This i s  equivalent  t o  2.55 and 2.17 tonnes per GLU. 
Meat production depends on calving r a t e s ,  the  weight of ca lves  a t  
s e l l i n g  age and of cul led  cows, the  cu l l ing  r a t e  and the  r a t i o  
of l i v e  weight t o  dressed carcass  weight. Table 4.18 g ives  t h e  
va lues  used; these  s i v e  a p roduc t iv i ty  of 126 kg per GLU i n  the  
lowlands and 11 3 kg per GLU on higher  ground. 
Convcr ions  t o  food energy a r e  2.72 A J  kg-' f o r  milk and 10.17 
-4 M J  kg f o r  beef (Leach, 1976). 
(b)  Beef o a t t l e  . . . 
For beef c a t t l e  one C-LU means 0.68 beef cows. Carving r a t e  
reduces a t  higher a l t i t y d e s  and meat production drops from 147 
kg GLU-I t o  I I 9 kg GLU- . 
( c )  Sheep .. . 
The range both of demand f o r  food and of l m b i n g  r a t e  
between lowland and the  h i l l s  i s  considerably g r e e t e r  i n  sheep 
than c a t t l e .  Dif ferent  breeds a r e  chosen f o r  d i f f e ren t  conditions. 
I n  t h e  lowlends a ewe i s  reckoned a s  0.2 G1:U and the  expected 
lambing r a t e  i s  13%. (see Table 4 (b ) ) .  This means t h a t  one 
GLU r ep resen t s  3.64 Bms, find. .+ith a 25% c u l l  r a t e  and 32 ewe 
mor ta l i ty ,  annual s a l e s  a r e  3.64 lambs per GL,U and 0.91 c u l l  
ewes. Taking t h e  r s spec t ive  carcass weights of these  animals 
a s  20 kg and 27 kg, meat production i s  97 k g , & ~ ~ .  
On higher  s lopes  (e.g. land  c l a s s  9-12) lambing r a t e  has  
dcc l ined  t o  11% and 2. ewe i s  rcckonod a s  0.12 GLU. Lambs a r e  
gene ra l ly  sold a s  s t o r e s  and f a t t e n e d  t o  gC$ of t h e  weight of 
-the lonland lamb with ewes a t  ha l f  lowland weight. Under these 
assumptions one GIU rep resen t s  5.0 h i l l  ewe, and annual s a l e s  
a r e  4.02 lambs and 1.26 c u l l  ewes. This i s  92 kg meat pe r  GLU. 
The condi t ions  of h i l l  and f a l l  reduco lamb su rv iva l  r a t e  t o  7% 
which makes one GLU t h c  ecuivalent  of 6.33 cmes. Annual s a l e s  
a r e  t h u s  2.85 lambs and 1.68 c u l l  ewes and meat production (lambs 
aohi tv ing  8& of lowland weight) i s  68 kg per GLU. 
-1 The food energy conversion f o r  lamb i s  12.81 MJlcg, so energy 
production i n  t t e  t h r e e  s i t u a t i o n s  i s  I .~~GJ .GLu-  , 1.18 GJ.GLU-'I 
and 0.8863 &LU- . 
Aeight of f l e e c e  i n  lowland, upland and h i l l  and f e l l  i s  
est imated a s  3.2 kg, 2.3 kg and 1.6 kg r e specpve lg .  This  i s  
I1 .6 kg GLU-I , 11 .6 kg GLU-I and 10.3 kg GLU . 
Table 4.1 9 summarises the  l ives tock  product iv i t ies .  
Land d a s s  p r o d u c t i v i t i e s  -
The output  of animal products from each l and  c l a s s  can now be r e a d i l y  
determined from Tables 4.17 and 4.19. Tables 4.36, lb.J7 and 4.m 
give t h e  r e s u l t i n g  f igu res .  
p o d u c t i v i t y  under cropping cannot be chscked from any known da ta  and 
the  es t imates  given i n  Fable 4.13 f o r  t h e  a g r i c u l t u r a l  grades must be 
extended t o  t h e  land  c l a s ses .  A s  s check on t h i s  procedure t h e  r a t i o s  
produced i n  t h i s  way f o r  dairyj-ng were compared with the  r a t i o s  of t h e  
d a i r y  f i g u r e  i n  Table 1+.40. This  i s  not  a  wholly v a l i d  comparison 
s ince  t h e  f i g u r c s  i n  Table 4.40 r ep resen t  t h e  e n t i r e  produce of d a i r y  
c a t t l e  while t h e  e s t ima tes  f o r  t h e  a g r i c u l t u r a l  g r sdes  assume 
s p e c i a l i s t  d a i r y  fzrming with ca lves  so ld  ea r ly .  The drop i n  
p roduc t iv i ty  with reducing l a d  q u a l i t y  would the re fo re  be expected 
t o  be higher  i n  t h e  l a t t e r  case. Table i+.20 shows t h e  cornperison. 
I n  Table 4.21 a r e  t h e  r a t i o  f o r  c e r e a l  and h o r t i c u l t u r e  ca l cu la t ed  i n  
the  same way ( t ak ing  c e r e a l  p r o d u c t i v i t i e s  a s  equivalent  t o  t h e  "mixed 
a r a b l e '  category of Table b.13). It can be seen t h a t  because the  
p roduc t iv i ty  of h o r t i c u l t u r e  drops more r a p i d l y  with d e t e r i o r a t i n g  land  
q u a l i t y  th8,n c e r e a l  p roduc t iv i ty  t h e  former i s  u n l i k e l y  t o  be considered 
ou t s ide  lend c l a s s e s  2, 5 o r  6 .  Unfortunately the re  a r e  no es t imates  
of pota to  growth by land  c l a s s .  Xevartheless ,  i n  es t imat ing  outputs  
by 1an4 c l a s s  pota toes  were taken a s  the  c rop  i n  c l a s s e s  2, 5 and 6 
while wheat  as taken t o  be t h e  most l i k e l y  crop i n  c l a s s e s  1, 3, 4 and 
8. 
Leach $1976) g ives  the  average YK outputs  ss wheat ( a s  bread)  4.4,; 
CJ km- and pota toes  5.7 T J  km- (compared v i t h  sugar (from bee t )  8.3, 
c a r r o t s  3.0, peas 1.0). If these  a r e  taken a s  t h e  p r o d u c t i v i t i e s  of 
l and  c l a s s  6 then  those  of the  o t h m  c l a s s e s  fol low from t h e  r a t i o s  of 
Tc.ble 4.21. 
Table 4.8 S i t e  y i e l d  pi&$ f o r  the  Forestr). Cors.ission liorth Vest. 
Eng1ac.l Censer-ancy (fron Eusby, 197b) 
Notes: 
+ 3 i )  l o c a l  variatio8.s of up t o  -3 IL per  annun car. be expecte2. 
i i )  t h e  y i e l d  c lass  values M for t h e  mid-slope pos i t ion ,  t h a t  is,  moderately exposed. 
i i i )  the  y i e l d  classes  are 2epen2ert cn t h e  use of  phosphorus (PI and p o t a s s i m  (K) 
fertilisers as indicated.  
i v )  species  given ere - 
81 - Bzoedleh.ie2 s~ecies 
Con - Cooifer species  
CP - Corsica? p ine ,  Pirns nipra var. neritina 
DF - Douglas f i r ,  Pseudotsxa  cenz ies i i  
HL - Hybrid lerch, Larix x e.;nleais 
tP - Lodgepole pine,  Pi";$ contorte  
SS - S i t k a  s p n c e ,  Picee sitc:.er.sis 
Table 4.9 S o i l  t ypes  from t h e  "So i l  Hap of England and ';{ales", 
Direc tor  General of Ordnance Survey, Southampton 
I 
S o i l  type Dominant s o i l  group Associated s o i l  groups 
1 Ram sands k , 7  s k e l e t a l  s o i l s  and sendy 
g ley  s o i l s  
~ 
5 ' Alluvial '  g l e y  soil 's Brom a l l u v i a l  s o i l s  
9 Earthy peat s o i l s  Humic g ley  and sandy o r  humic 
- sanzy g ley  s o i l s  
55 Staenogley s o i l s  h r g i l l i c  b r o m  e a r t h s  o r  brown 
e a r t h s  
60 Worm e a r t h s  Rankers orrendzinas and bare 
rock ( l imestone pavement) 
1. 62 W k  e A t h s  ' Podzols and brovrn sands 
. 63 Brown e a r t h s  
66 Stagnopadzol s 
67 Stagnopodzols 
Stagnogley s o i l s  and brown 
podzolic s o i l s  
Stagnohumic or  humic g l e y  s o i l s ,  
brown podzolic s o i l s ,  rankers  
and peat s o i l s  
Rankers, raw zke le t a l  s o i l s ,  
stagnohumic g l e y  s o i l s ,  o r  
bare rock 
69 Stegnogley s o i l s  Brown e a r t h s  o r  a r g i l l i c  brown 
ee r ths ,  brown podzolio s o i l s  
and stagnohumic g ley  s o i l s .  
70 Stsgnohumic g l e y  s o i l s  Peat  s o i l s ,  humic g l e y  s o i l s  and 
stagnopodzols 
71 Raw peat s o i l s  Stagnohumic o r  humic g ley  s o i l s ,  
ea r thy  peat  s o i l s  and 
stagnopodsols. 
'Table 4.9 (Cont.) D i s t r i b u t i o n  of s o i l  types by land c l a s s e s  
Land S o i l  type A l t i t u d e  
c lass  1 5 9 55 60 62 63 66 67 69 70 77 (metres) 
Note: The l and  c l a s s e s  do not  necessa r i ly  f a l l  e n t i r e l y  wi th in  
t h e  a l t i t u d e  ranges given. The range i n d i c a t e s  t h e  most 
l i k e l y  a l t i t u d e s  of po in t s  wi th in  t h e  l and  c l a s s .  
Table 4.10 Yield -c lasses  by s o i l  type and a l t i t u d e  ( f o r  s u i t a b l e  
softrrood species) .  
(NO es t imete  i s  given where not  requi red  i n  the  
Cumbrian s i t u a t i o n )  
A l t i t u d e  S o i l  type 
(metres)  1 5 9 55 60 62 63 65 67 69 70 71 
Table 4.11 Alt i tudinal  d i s t r ibu t ion  of %and classes 13-1 6 
a s  used f o r  calculated yield c lasses  
Land Class 
I 3  
Fercentage Range (metres) 
Table 4.12 Est imates of y i e l d  c l a s s  by l and  c l a s s  
Land 
C las s  
Notes: 
Product ion 
From s o i l s  From f o r e s t  d l t a  Imputed Softwood Hardwood 
SS SS JI hardwoods 3 -2 -1 (~1.. Y' 1 
i )  t h e  yield. c l a s s  used i n  c a l c u l a t i n g  production 
f o r  land  c l a s s  4 mas 13.0 
i i )  production = 85 x y i e l d  c l a s s  
iii) SS - S i t k a  spruce (Ficea s i t c h e n s i s )  
JL - Japanese l a r c h  (Lanx kaempferi) 
Table 4.13 Rela t ive  p roduo t iv i t i e s  of a g r i c u l t u r a l  grades under 
d i f f e r e n t  uses. 
(Based on prel iminary monetary assessments by 
M.A.F.F., p r s .  oomm.) 
Agr icu l tu ra l  Xixed a r a b l e  g r a d e  Dairy Hor t i cu l tu re  
Note : The f i g u r e s  on sh ioh  these  a r e  based were of p r o f i t a b i l i t y  and 
the re fo re  r e l a t e  t o  both. i npu t  znd output i e v e l s  whereas they  
a r e  t o  be used here  a s  measures of r e l a t i v e  output only. 
Table 4.14 Grazing l i v e s t o c k  u n i t s  
(from Nix, 1976) 
Dairy cows 
Beef mars (excluding 
c a l f )  and o t h e r  c a t t l e  
over 2 yea r s  o ld  
Semi-intensive beef 
(6  t o  15-18 months o l d )  
Other o ' s t t l e  1 t o  2 yea r s  o ld  
Other c a t t l e  under 1 year o ld  
Lowland aves ( inc luding lambs 
under 6 months o ld) ,  R a m s  and 
Tegs (over 6 months o ld )  
B i l l  ewes 
Table 4.13(~) Analysis of c a t t l e  herd composition - some assumptions 
Calviwg *ate 8.89 l i v e  ca lve8 per cow per year 
Herd l i f e  6 y e a ~ a  i.e. cu l l ing  r a t e d 1 7  cows per cow P? ywr 
Age of calf s a l e  18 months 
Then if t he  number of d a i r y  cows is g 
Cows 
Calves 1 year  
Calves - 1 *2 year 
- f o r  herd 
- f o r  s a l e  
Tota l  c a t t l e  GLU Dairy GLU Beef 
and malve s 
 tot total c e t t l e  and c a l v e s  = 0.69 Dairy 
o r  0.61 Beef 
hlilkirg COWS,&LU = 0.60 Dairy 
o r  0.66 Beef 
With a drop i n  l i v e  calving r a t e  f o r  h i l l  beef to0.87 the  r a t i o s  
a r e  unchanged. 
Table 4.15 ( b )  Analysis of c a t t l e  herd composition - some Cumbrian parishes 
Parish Cows i n  milk In  ca l f  Bulls Other c a t t l e  
Dairy Beef Dairy Beef 2 years 1-2 years 3-1 year 6 months 
29 A l l  Hallows 299 28 98 10 2 15 190 126 122 
34 Holme Low 1468 132 69 3 38 30 24 1 945 89 3 468 
57 Millorn Without 775 311 315 75 32 87 656 455 439 
96 Cockermouth 258 186 85 8 13 53 528 198 181 
101 Gilcrux 292 118 73 92 8 76 349 310 163 
12 5 M i  dgeholml 
Geltsdale - 204 - 16 11 - 20 46 155 
GLU *Total 
c a t t l e  & 
calves 
145 Culgarth 583 487 312 184 27 105 804 869 350 2266 372 1 
313 Crosby Garrett 189 8 153 7 3 23 138 135 95 495 733 
316 Musgrave 546 45 216 12 15 17 . 290 257 150 1085 1548 
Mean r a t i o :  GLU/total c a t t l e  & calves = 0.65 s d  = 0.05 
+ 
Mean r a t i o  po ten t ia l  dairy  cows /GLU = 0.65 sd  = 0.06 
"Computed using f igures  i n  Table 4.14 and assuming t h a t  t h e  animals 1-2 years  old  spend only half 
t he  year i n  t he  par ish (going f o r  slaughter at age 18 months). 
+Includes a l l  dairy cows and he i f e r s  and (beef cows and he i f e r s )  x 0.8 
Table L+.16(a) Analys is  of f l o c k  composition - some assumptions 
( i )  Lowlands ( l and  c l a s s e s  1-8) 
Lambing r a t e  1.30 lambs per evre per year  
Flock l i f e  3.3 yea r s  i.e. c u l l i n g  r a t e  0.25 eves per ewe per year  
and erne m o r t a l i t y  0.05 per ewe per year  
Age of lamb s a l e s  6 months 
Ewe with l m b  ( L 6  months) = 0.2 G E T  
a 
Total  sheep 
and lambs GLU 
Ewes and 
lambs ( 6 months) 
Lambs 6 - 12 months 0 . 3 ~  0.01 5y 
Hoggs 0.3~' 0 . 0 6 ~  
Tota l  2 . 6 ~  
GLU/total sheep and lambs = 0.106 
Ewe equ iva len t s / to t a l  sheep and lambs = 0.53 
Evre shLU = 3.64 
( i i )  Uplands ( l and  c l a s s e s  9-12) 
Lam% r a t e  I .I0 lambs per  evie per  year  
Ewe = 0.12 GLU 




~ a m b s  so la  
Lambs f o r  f l o c k  
Hoges 
To ta l  
~ L u / t o t a l  sheep and lambs 
Evie equivalent  SALU 
EnesbLU 
Table 4.1 6(a)  ( ~ o n t .  ) 
( i i i )  H i l l  and f e1.l 
Lambing r a t e  0.75 lambs per ewe per year 
Ewe = 0.1 GLU 
Total sheep 
and lambs GLU 
Ewes Y 0 . 1 ~  
Lambs sold 0 . 4 5 ~  0.016~ 
Lambs f o r  f lock 0 . 3 ~  0.018~ 
Hog@ 0 . 3 ~  0.02lty 
Total 2 . 0 5 ~  0.158~ 
~ ~ U / c o t a l  sheep and lambs = 0.077 
~ - - , .  
Ewes equivalents/total sheep and lambs = 0.77 
Eve S ~ L U  = 6.33 
N.B. I n  a l l  cases, the n i i o  of GLU t o  t o t a l  Sheep and lambs 7 6 1 1  r ise  
i f  some lambs a re  sold before census time .- 
Table 4.16(b) Analys is  of f l o c k  composition - some Cumbrian par ishes  
Pa r i sh  Lambs Tota l  sheep Ewe 1 year c~nd l'ambs equivalents* Tota l  Sheep 
and lambs 
29 k l l h a l l i w s  262 426 230 0.54 
34 Holme How 629 1092 620 0.57 
57 Millom '#ithout 4361 101 28 6857 0.68 
96 Cookermouth 1 1 56 371 5 2843 0.77 
101 Gilorux 923 1729 1037 0.60 
121 Farlam 2447 5209 3374 0.65 
125 ~idgeho lm/  
Ge l t  sdale 471 7 10208 6670 0.65 
1 !:5 Culgaith 5754 11 964 7649 0.64 
313 Crosby G a r r e t t  1045 1978 1194 0.60 
*Assuming 7% of lambs a r e  only 6 months i n  t h e  parish,  End t h a t  one 
lamb e a t s  O.)+ of eve 's  consumption per u n i t  time. 
Table 4.17 Land c lass  stocldng r a t e s  
Land 
class  1 2 3 4 5 6 8 9 10 11 12 13 11, 15 16 
Table 4.1 8 Livestock sale weights (M.A.F.F., pers. comm. ) 
4 
Live weight Dressed carcass Dressed carcass 
(kg) weighthive weight (kg) 
Calves - beef 425 0 .56 238 
" (18 months) - dairy (range0.52- 
0.62) 
all cons - beef 500 
~ (6 ?ears) - dairy 500 
Table 4.1 9 Livestock produce per GLU 
Land classes 
1-8 
Land classes  
9-1 2 
Land classes  
1 3-1 6 
DAIRY 
Milk (tonnes) 
Meat (kg) I 26 
Food energy (GJ) 8.99* 
BEE? 
Meat (kg) 1 47 
Food energy (GJ) I .50 
SHEW 
Meat (kg) 98 
Food energy (GJ) 1.26 
a001 (PL) 11.6 
* In  land classes 3 and 4 milk per GLU was taken a s  2.41 tonne s and so food 
energy a s  7.83 G J  per GLU. 
Table 4.20 Comparison of r e l a t i v e  p r o d u c t i v i t i e s  of d a i r y  c a t t l e  a s  
derived from ( i )  Tables 2.2 a n .  4.13, and ( i i )  Table 4.22 
( o r  11.17 and 4.19) 
Land c l a s s  
9 
P- 'oduct ivi  t g  r e l a t i v e  Rat ios  
t o  n ~ r i c u l t u r a l  L r ~ d e  5 ( i )  ( i i )  
Table 4.21 Produc t iv i ty  of cropping and h o r t i c u l t w e  by land c l a s s  
(from Tables 2.2 and 4.13) 
Land c l a s s  Crop3 i Io r t i cu l tu re  
I n  r e l a t i o n  t o  a  score  of 1 f o r  grade 5 land t h e  p r o d u c t i v i t i e s  i n  
c l a s s  6 a r e  13.7 (c rops)  and 36.5 ( h o r t i c u l t u r e ) .  










. * * * 
* 
* *  * * * 
* * 
* 
** * * 
** * .  * * 
* ** jr * * * 
+* * * * ** * * * * .  
** ** ** * * * * * . * 
* * * ** * * . * * * 
** * * * * * * * 
. * * *  * * * * 
** ** * * * * * * '  * 
a * * * *  * * * ** 
* * ** * *  * 
* * *  *** * * . * 
* ** * * * 
r: * * * *  * * * 
X * * * 
* b * * * 
* * *  * * * * * .  
* * * * 
* * * * .  
* * * Y *  
* * 
* * * 
* 
* * * 




* . . 
** * 




* . . . . * . . . . * . . . . * . . . . * . . . . * X . . . X X X X X X X X X X * ~ * ~ ~ * . * - - *  
10 20 30 49 50  68  7 0  80  9 0  108 
- 






- 5 0  . -  
. . 
-2 
Fig 4.1 Stocking of  parishes in GLU kn plotted against percentage o f  land 
i n  land c lass  1 .  Area supporting l ivestock taken as to ta l  area o f  
temporary and permanent pasture, and rough grazing. 
Fig 4.2 -2 Sto-king of parishes in GLU lan plotted against percentage of 
land i n  land class 2. 
Fig?_3 Stocking of  parishes i n  GLU Iankm2 p l o t t d  agninst percentage 
o f  land i n  lmL class 3 .  
-2 
7ig44 Stncking o f  p-lrishes in GLU h plotted against percentqe o f  
land i n  l a d  class  4. 
-2 Stccking oI" parishes in GLTj in p lo t t ed  q a i n s t  percentage of 
land in l d  class 5. 
Fig 4.6 P lo t  of predicted. parish stoc!dng potent ia l  (P) against r a t e s  determined I 




A > 1.35 P 
A <  0-65P 
Fig 4.7 Parishes i n  which predicted po ten t ia l  (P) and ac tua l  stocking ( A )  
diverge by more than 3%. 
C 
7 
Xi th  every land  use,  every combination of i n p u t s  and outputs ,  t h e r e  i s  
a s soc ia t ed  value i n  t h e  land  3s 2. provider of r e c r e a t i o n  (even i f  only  
a s  a n  a g r i c u l t u r a l  landscape3 and. a s  s n  ecologica l  reserve .  
These f a c t o r s  a r e  a n  important cons idera t ion  f o r  land-use planning, 
p a r t i c u l a r l y  i n  a  county such a s  Cumbria, end i f  mathematical methods 
a r e  t o  be app l i ed  t o  such planning then  r e c r e a t i o n a l  ~ o t e n t i a l  and 
cco1,ogical value must be assessed numerically. 
The value of a n  a rea  of land i n  terms of ( i )  i t s  p o t e n t i a l  f o r  
providing r e c r e a t i o n a l  a c t i v i t i e s ,  and ( i i )  i t s  na tu re  conservat ion 
s t a t u s ,  depends on t h e  inherent  q u a l i t i e s  of t h e  l o c a l  environment 
(c l imate ,  togography e t c )  and on t h e  use t o  which t h e  land i c  being put. 
I n  proposing a  quan t i f i ed  assessrnent of these  values t h e  use  independent 
and use dependent con t r ibu t ions  a r e  considered sepa.rately. 
The gene ra l ly  accepted c r i t e r i a  of eco los i ca l  value a r e  summarised by 
Goldariith (1975) a s  ex tent ,  m t u r a l n e s s ,  r ichness ,  d i v e r s i t y ,  
f r a g i l i t y ,  representa t iveness ,  r e sea rch  and e d u c a t i o r i l  value, recorded 
h i s t o r y  and p o t e n t i a l  value. 
Xhen considering widely d i s t r i b u t e d  in-s:;uares of s in i i la r  c h a a c t e r  
( i . e .  a  land  c l a s s )  it i s  t h e  expected l e v e l  of r i chness  an" d i v e r s i t y  
~ch ich  can b e s t  convey t h c  eco log ica l  value of' the  land .  Xatura lness  
i s  not  ; point  f o r  i nc lus ion  s ince  we a r e  consid-ering t h e  land only  
under wel l  defined uses.  
I n  f a c t  it i s  the use  which e x e r t s  t h e  : reatest  inf luence  on t h e  ecology 
of an area. of land .  Use indepsndent f e a t u r e s  which con t r ibu te  t o  a  
l e s s e r  degree inc lude  s o i l  condi t ions ,  c l imate and l o c s l  h a b i t a t  
d i v e r s i t y .  
Land use indenondent scores  - 
In fo rna t ion  on con t r ibu to r s  (o ther  than land  use )  t o  t h e  eco log ica l  
condi.tion i s  not r e e d i l y  ,zvn.ilable. I n  p a r t i c u l a r  c l imz t i c  va lues  
s p e c i f i c  t o  t h e  land  c lassen  i n  Cumbria cannot be est imated with g r e a t  
confidence. Nevertheless  i t  vvas poss ib le  t o  draw uy a  t s b l e  with 
scores  f o r  each land  cl-ass under t h e  following headings:  
A. S o i l  - taken a s  the  mean value of a  i o t a 1  of LO p l o t s  i n  3 
raadonly se l ec t ed  g r i d  squares i n  eacn land c l ? s s  (Eeal, 1976). 
B. Rain fa l l  (mm) - estimated by inspec t ion  of a map of r a i n f a l l  
d i s t r i b u t i o n  i n  Cumbria 1976. ( Cotforth, unpl.  ). 
C. Tenperature (day-degrees) - est imated by inspec t ion  of the  
corresponding map (or' UK) i n  t h e  Complete !>tl?s of t h e  S r i t i s h  
I s l e s  (Readcrs Diges t ) .  
D. S l o p  - a landscape survey ( ~ c n e f i e l d ,  i n  prep.) which was p r t  of 
t h e  I.T.E. Upland Land Use s tudy recorded t h e  average slope of 8 
souarcs samoled i n  each land  c l a s s  (except 7 and 8). A t o t a l  
- A -  
score $or each c l ags  n s  derivgd by scor ing  the s lopes  a s  
1 ,  0-9 ; o  2, 10-19 ; 3, 20-29 ; 4, 30-39 ; 3, i(0-49'; 
2, 50-59 and s u i n g .  The s teepes t  and shal lowest  s lopes  would 
add l e a s t  t o  t h e  ecologica l  condition. The most p rop i t ious  
environment i s  l i k e l y  t o  be t h a t  with moderate - s t eep  genera l  
s lope v i t h  high v a r i a b i l i t y  i n  t h e  p a t t e r n  of erosion. 
E. -:rater bodies  - a score of 1 was ass ignsd  t o  each appearance of 
beck, r i v e r  o r  l a k e  a t t r i b u t e s  i n  t h e  landscape survey. 
I n  Cumbria a r e e s  of high eco log ica l  value a r e  l i k e l y  t o  be assoc ia ted  
with low a c i d i t y ,  low r a i n f a l l ,  high temperatures,  moderate slopes, and 
the presence of flowing o r  s t i l l  water. A method of combining t h e  
f i g u r e s  f o r  these  envirojomental a t t r i b u t e s  i n t o  a n  index of l i k e l y  
eco log ica l  d i v e r s i t y  was sought on th: assumption t h a t  t h e  r e l a t i v e  
importance of t h e  p r a m e t e r s  i s  . . . pH > Rain fa l l  ? Temperature > 
Slope 'iiater bodies. 
The value i n  t h e  'Combined core '  column of Table 4.22 i s  given by 
which i m p l i c i t l y  weights t h e  f e c t o r s  pE f2.8), F a i n f a l l  (1.5, Temperature 
(I . 2 ) ,  Slope (0.95), J a t e r  odies  (0.60) vhen the  range of  t h e i r  va lues  
i s  considered. 
The f i n a l  coluliin of t h e  t a b l e  s inp ly  conver ts  these  sco res  i n t o  
propor t ions  of the  h ighes t  scoring c l a s s ,  l and  c l a s s  6. 
Wince and Smith (197') h2 .v~  def ined  he terogenei ty  i n d i c e s  f o r  32 
vegeta t ion  groups i n  Cunbria. Some of these  vegeta t ion  groups can be 
l i nked  t o  p a r t i c u l a r  lend  uses  and the re fo re  ind ica t e  t h e  r e l a t i v e  e 
heterogenei ty  of t h e  p l an t  l i f e  a s soc ia t ed  with those uses.  
I n s u f f i c i e n t  s:.aples were talcen i n  any one land  c l a s s  t o  de f ine  d i v e r s i t y  
scores  f o r  t h e  vege ta t i cn  groups v i t h i n  t h a t  land c l a s s .  The f i g u r e s  
i n  Table 4.23 t he re fo re  r ep resen t  t h e  average d i v e r s i t y  i n  t h a t  
vegeta t ion  group i n  a l l  t h e  land c l a s s e s  i n  which it occurs.  I n  some 
cases  t h i s  use dependent d i v e r s i t y  w i l l  vary from lane? c l a s s  t o  land  
c l e s s  a s  t h e  na ture  of t h e  prevai l ing  vegeta t ion  chenges. Thus, f o r  
example, sheep i n  t h e  lowlands graze  on a  very  d i f f e r e n t  vege ta t ion  from 
those on t h e  h i l l s .  
It may simplify ma t t e r s  t o  say t h a t  t h e  land use dependent scores  which 
n i l 1  be der ived  here rill not,  i n  general ,  be land c l a s s  independent. 
The d i s t r i b u t i o n  of vege ta t ion  groups by land  c l a s s  i s  known ( ~ l b l e  4.1) 
and so the values of Table 4.23 could be t r a n s l a t e d  d i r e c t l y  i n t o  
scores  f o r  the  land c l a s s e s  a s  l i v e s t o c k  support land.  Powever, t h e s e  
e 
scores  a r e  t o  s m e  ex ten t  envirorunent dependent and a r e  a measure of 
d i v e r s i t y  i n  t h e i r  predominant a r e a s  of eccurrence. For e m . p l e ,  
rough grazing land  i n  t h e  lowlands may have a  q u i t e  ' i f f e ren t  
he terogenei ty  index from t h e  upland rough grazing land on which t h e  
scoring i s  based. 
The ob jec t ive  a t  t h i s  s tage i s  t o  f i n d  the  eco log ica l  value of va r ious  
>.and uses  which can combine with the  use-independent scores.  I n  t h e  
case of l i v e s t o c k  t h e  method of use v a r i e s  from lowland t o  ujjland and 
t h e  use-score should r e f l e c t  t h i s  change. It the re fo re  seems 
appropr ia te  t o  a s s ign  sco res  t o  t h e  a g r i c u l t u r a l  grades a s  d i v i d e r s  
between types  of l i v e s t o c k  farming. Using . t h e ~ l a t i o n s h i p  between 
vegeta t ion  type and a g r i c u l t u r a l  grade given i n  Table 4.2&, the  
d i v e r s i t y  messures f o r  a g r i c u l t u r a l  grades a r e  ... 
Heterogeoei ty index 3.5 3.8  6.5 6.0 7.0 
... and i r o n  those the  eco log ica l  score under l i v e s t o c k  f o r  each land  
c l a s s  can re ca l cu la t e s .  
A s ,  i n  use-il~dependent terms, land c l a s s  6  has  the  h ighes t  ecologica l  
value the  usage score f o r  o t h e r  uses  a r e  given with t h i s  a s  a bench 
mark. Thus, while t h e  vegeta t ion  survey would give he te rogene i t i e s  of 
3.9 and 2.7 t o  :rops and pota toes  the  samples mere made i n  l and  
c l a s s e s  o the r  than 6 and the  va lues  i n  c l a s s  6  must be 4.2 and 2.9 if 
the  former r e s u l t  i s  t o  be achieved i n  c l a s s e s  1 and 2 respec t ive ly .  
The m m n t  ?f woodland and f o r e s t  .sampling done by ante and Smith w a s  
small ( s ince  t h e  are-  now i n  t h i s  use i s  small) and a  compzrison with 
a g r i c u l t u r a l  L n d s  rfd s found i n  another  survey . . . 
The r e p o r t  of the  1972 Dinas Conference  arming and T i l d l i f e  Advisory 
Group) con ta ins  a n  a n a l y s i s  of sampling c a r r i e d  out  i n  d i f f e r e n t  h a b i t a t  
t-ypes on t h e  Dinas e s t i t e  i n  North Vlales. The a r e a  under examination 
t o t a l l e d  1317 ha and l a y  i n  t h e  a l t i t u d e  range 152-468 m. The r e s u l t s  
a r e  given i n  Table Lk.25. 
I n  r e l a t i o n  t o  t h e  numbers of i n s e c t s  present  i n  the  differ en.^ h a b i t a t s ,  
the  au thor s  note:  
'The number of i n s e c t s  occurr ing i n  c e r t a i n  of the  o lde r  
con i fe r  p l an ta t ions  was very much g r e a t e r  t han  t h e  number 
occurr ing i n  the oak wood. However, i n  most of these  cases,  
the  insec-ts  oacurr ing i n  enormous numbers, such a s  aphids, 
Collenbola, and Psooopters,  a r e  very t i ny .  The bj.omass 
(weight) of t h e s e  i n s e c t s  might be t h e  same a s  or  l e s s  than  
t h e  biomass of a  smaller  number of l a r g e  i n s e c t s  o c c u r r i w  
i n  oak. This  poin t  a l s o  a p p l i e s  t o  t h e  l a r g e  number of 
Collembola found i n  t h e  ground l i t t e r  of most of t h e  
h a b i t a t s ' .  
If t h e  d e n s i t i e s  of i n s e c t s  i n  t h e  ma-ture coniferous and i n  oak f o r e s t  
a r e  taken a s  equal then  Table 4.26 i n d i c a t e s  the  r e l a t i v e  values i n  t h e  
seven env i rcU8n t s .  The over211 score vras derived bv a v e r a g i n ~  along 
the  rows g iv ing  each of t h e  b i rd  i n d i c s t o r s  ha l f  weighting. 'Phis g ives  
equal  importance t o  p l an t s ,  i n s e c t s  and b i r d s  i n  t h e  r e l a t i v e  scores.  
Now, from these  scores  new estima.bes of value f o r  t h e  f o r e s t s  can be 
derived. If we equate 'lowland f i e l d s '  with 'improved p s t u r e '  then  • 
the  implied vroodland va lues  a r c  
Coniferous 5.2 x  0.57 = 4.2 
*-A 
0.71 
Deciduous 5.2 x j l  = 7.3 
0.7 
If these  a r e  taken t o  be t h e  va lues  appropr i a t e  t o  l and  c l a s s e s  4 and 9 
which a r c  o f  s i m i l a r  a l t i t u d e  t o  t h e  Dinas f o r e s t s ,  then ].and c l a s s  6 
scores  would be Coniferous 4.8 and Deciduous 0.3. 
The eco log ica l  use-dependent scores  f o r  f o r e s t r y  and f o r  cropping a r e  
not var ied  with l and  .class ,  a s  a r e  t h e  l i v e s t o c k  scores,  because a 
mamgement p r a c t i c e  i s  e s s e n t i a l l y  t h e  same i n  a l l  land  c l a s ses .  
A s e t  of scores  f o r  each use  i n  each c l a s s  i s  then  given by m u l t i p l i c a t i o n  
of use-dependent and use-iiidependent scores.  These a r e  ~ u l t i ~ l i e d  by 
I 0  t o  make the  range convenient and the  r e s u l t  i s  givoh i n  Table 4.27. a 
The Dims f iguros  a l s o  e i v e  it chance t o  check some elements of Table 4.27 
vhere a l t i k s d e  and vegeta t ion  a r e  of s imi l a r  charac ter .  Thus, f o r  
example, t h e  score f o r  grdeing i n  land c l a s s  3 should be comparable d t h  
the  'lowland f i e l d s '  of t h e  Dinas survey. It could be expected 'a l so  
t h a t  scores  of roughly grazed land i n  c l a s s e s  10-12 would be somewhere 
between t h e  va lues  of 'bracken s l o p e s '  and moorland. Table 4.28 shows a 
t h a t  t h i s  i s  so al though t h e  f i g u r e s  of Eunce and Smith imply a  higher  
moorland d i v e r s i t y  i n  Cumbria than on t h e  Dims e s t a t e .  
Recreat ional  p o t e n t i a l  
Among the  f a c t o r s  rrrhich must be considered when at tempting t o  a s s e s s  4 
the r e c r e a t i o n a l  potent i - i l  of a n  a r e a  of land  a r e :  
( a )  community preferences  with regard t o  
var ious  r e c r e a t i o n a l  environments 
degree of con tac t  with o ther  r e c r e a t o r s  
s t y l e  of  r e c r e a t i o n  
(b )  the  physical  environmeut 
( i )  t h e  a t t r a c t i v e  o r  d e t r a c t i v e  f e a t u r e s  of t h e  a r e a  
( i i )  the  f e a t u r e s  of ad jo in ing  v i s i b l e  a r e a s  
( i i i )  the  a b i l i t y  of  the  a r e a  t o  absorb  and withstand r e c r e a t o r s  
( i v )  the  a c c e s s i b i l i t y  of t h e  a rea  4 
For t h e  purposes of t h i s  s tudy i t  was necessary t o  f ind  a  scor ing  
system i n  terms of these  f a c t o r s  not  orily f o r  t h e  e x i s t i ~  land  use 
s t r u c t u r e  but a l s o  f o r  anv p o t e n t i a l  land use d i s t r i b u t i o n .  The 
approach, t he re fo re  was to  at tempt .o dc f ine  a  score f o r  each land c l a s s  
i n  t h e  county independent of land use and then  t o  def ine  a s e t  of score 4 
r a t i o s  f o r  land  use independent of i t s  phys ica l  s e t t i n g .  
The s t y l e  of r e c r e a t i o n  prefer red  by t h e  community w i l l  change and be 
changed by t h e  physical  environment. Recreat ional  p u r s u i t s  a r e  
t a i l o r e d  t o  s u i t  t h e  a v a i l a b l e  f a c i l i t i e s ,  while the  f a c i l i t i e s  a r e  
extended t o  f i t  publ ic  a s p i r a t i o n s .  Quan t i f i ca t ion  should r e f l e c t  
community preference f o r  spending t h e i r  r e c r e a t i o n a l  t ime i n  c e r t a i n  
ways, and t h e  a b i l i t y  of t h e  a r e a  t o  support t h i s  d i s t r i b u t i o n  of 
preference:  f o r  example, an  a rea  with many roads  w i l l  cont r ibute  more 
• t o  r ec rea t ion ,  i f  t h e  public  preference i s  fo r  motor touring,  than  w i l l  
a n  a rea  with no roads. (The l a t t e r  w i l l  cont r ibute ,  however, i f  
v i s i b l e  from roads  outs ide  t h e  a r e a ) .  
Land use independent scores  
The physical a t t r i b u t e s  of 14 of the  I 6  land  c l a s s e s  were surveyed i n  
1976 (by ITE - ~ e r l e w o o d )  a s  p a r t  of a s tudy of landscape c h a r a c t e r i s t i c s  
of t h e  land c lasses .  A f i e l d  survey checked t h e  presence o r  absence of 
a t t r i b u t e s  i n  8 randomly se l ec ted  squares from each of t h e  land c l a s s e s  
except 7 and 8. From t h e  a t t r i b u t e s  checked i n  the  landscape survey a 
smaller nmber  were se l ec ted  f o r  t h i s  study. Those se lec ted  were 
considered t o  be land use independent and a n  i n t r i n s i c  pa r t  of rural 
environment. They were divided i n t o  two groups, one represent ing  
n a t u r a l  f ea tu res ,  t h e  o ther  being i tems of access  and i n f r a s t r u c t u r e  - 
t h e  hwnan contr ibut ion.  
I n  1975, Cumbria County Council Planning Department p r e p r e d  a 
r e c r e a t i o n a l  p o t e n t i a l  sur face  f o r  the  county. That i s ,  they  
developed a scoring system which allowed each krn2 t o  be assessed  
q u a n t i t a t i v e l y  f o r  r ec rea t iona l  potent ia l .  A s  ~ r t  of this work they  
conducted a n  opinion survey wi th in  t h e  planning department which asked 
p a r t i c i p n t s  t o  r e t e  various environmental a t t r i b u t e s  f o r  t h e i r  
con t r ibu t ion  t o  r ec rea t ion .  The r e s u l t s  a r e  given i n  Table 4.29 
I n  add i t ion  t o  the  ind iv idua l  a t t r i b u t e s ,  a n  assessment of s i x  
ca tegor i e s  of ' ove ra l l  landscape Character '  was sought. 
The scores  derived through t h i s  survey formed a b a s i s  f o r  scoring the  
a t t r i b u t e s  t o  be used i n  t h e  $resent study. Unfortunately, while the  
C.C.C. considered the  r e l a t i v e  s igni f icance  of a t t r a c t i v e  f e a t u r e s  they  
did not seek t o  rank i n  a s imi la r  way t h e  d e t r a c t i v e  inf luence  of var ious  
components of human i n f r a s t r u c t u r e .  A small group of reople wi th in  
IJerlewooa Research S t a t i o n  were questioned regarding  he trade-  Ffs they  
f e l t  t o  be appropr i a t e  between the  a t t r a c t i v e  and d e t r a c t i v e  f ea tu res .  
This allowed the  two t o  be t r e a t e d  s i m i l a r l y  i n  l a t e r  scoring. 
Some of the  members of the  access/inf'rastructure l is t ,  v ~ h i l e  having a 
negative cont r ibut ion  a s  landscape f e a t u r e s ,  make a p o s i t i v e  con t r ibu t ion  
t o  r ec rea t ion  by providing access. I n  the  C.C.C. study, access  was 
-,onsidered only  i n  terms of the2presence o r  absence of a  metalled road 
(o the r  than motorway) i n  t h e  km being ra ted .  I n  t h e i r  opinion survey 
access  w a s  r a t e d  most important of a l l  t h e  f e a h r e s  considered (a score 
of 90 i n  Table 4.29), but  t h i s  i s  of l i t t l e  h e l p  i n  determining t h e  
r e l a t i v e  con t r ibu t ions  of access  and n a t u r a l  f e a t u r e s  i n  c rea t ing  the  
r e c r e a t i o n a l  p o t e n t i a l  of the  land c lasses .  The problem of access  i s  
f u r t h e r  complicated by i t s  dual  m t u r e .  It may be considered i n  terms 
of macro-access ( t h e  r o u t e s  enabling people t o  journey t o  a 
r e c r e a t i o n a l  a r e a )  and micro-access ( t h e  d i spe r s ion  of people wi th in  the  
area) .  To introcluce such cons idera t ions  however embroils one i n  
ques t ions  of d i s t r i b u t i o n  of r e c r e a t i o n r l  demand, t r a v e l  times and 
d i s t ances  - i n  f a c t  i n  a major exerc ise  i n  r e c r e a t i o n a l  demand. Here 
we a r e  pr imar i ly  concerned r i t h  r ec rea t ion  supply, 
For s i m p l i c i t y  i t  mas coilsidered t h e  bigger  t 'le road, t h e  g r e a t e r  t h e  
con t r ibu t ion  t o  r e c r e a t i o n a l  access  ( t h e  problem of the  d i s t r i b u t i o n  of 
motorviay e n t r i e s  and e x i t s  not withstanding). A t a b l e  of scores  
(Table 4.30) was drawn up including a l l  t h e  se lec ted  a t t r i b u t e s .  Where 
t h e r e  vras no d i r e c t  c o r r e l a t i o n  between the  a t t r i b u t e s  and those  r a t e d  
by the  C.C.C. opinion survey t h e  scores  were in t e rpo la t ed  a s  considered I &pprorriate.  One o ther  change i n  scores Prom those given i n  Table 4.29 
was made. This involved those a t t r i b u t o s  t o  which sca le  g ives  a  
spec ia l  s t a t u s .  While an  i s d i v i d u a l  may f e e l  t h a t ,  f o r  example, a  
l a r g e  l ake  con t r ibu tes  l i t t l e  more t o  h i s h e r  r ec rea t ion  than a small 
one, t h e  l a r g e r  i s  a b l e  t o  con t r ibu te  t o  t h e  r ec rea t ion  of a 
considerably g r e a t e r  number of individuals .  The scores  assigned t o  
' l a r g e  r iver '  and ' l a r g e  l a k e '  were the re fo re  aoubled ( the  f a c t o r  of 
two being e n t i r e l y  a r b i t r a r y ) .  
The f i n a l  score t a b l e  then allowed the  14 land  c l a s s e s  t o  be scored from 
aggregate a t t r i b u t e  l i s t s .  The derived scores  i n  the  two ca tegor i e s  
a r e  given i n  Tables 4.3. It can be seen from the  column summations 
t h a t  t h e  con t r ibu t ions  of ' n a t u r a l  f e a t u r e s '  and ' access / inf ras t ruc ture '  
t o  t h e  t o t a l  r e c r e a t i o n a l  p o t e n t i a l  score a r e  about equal  under the  
scoring scheme. Although the re  i s  no t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  t h i s  
i t  does not  seem unreasonable. 
For land c l a s s e s  7 and 8 jt was necessary t o  es t imate  t o t a l  scores. 
Then a  l a r g e  sample of lsm f ron  the  C.C.C. p o t e n t i a l  sur face  w a s  
examined it was found t h a t  the  average score f o r  squares i n  c l a s s  8 
was very  n e a r l y  equal t o  t h e  average f o r  t h e  t o t a l  sample. The avera e  
of Class  7 squrres  was about 0.75 of the  o v e r a l l  avorage. This  
allowed the  va lues  shown i n  the  t a b l e  t o  be assigned f o r  these  l and  
c l a s ses .  I 
The ques t ion  now a r i s e s  of the  in f luence  of a d j o i n i n g  (and nearby) 1 
squares on t h e  r e c r e a t i o n a l  p o t e n t i a l  of each other .  ' Such 
inf luence  a s  e x i s t s  a r i s e s  from -the provision of middle-ground and 
d i s t a n t  viovs t o  t h e  r ec rea to r  i n  the  square being scored. I n  general  
each square i s  surroundea by squa . resof  s imi la r  character .  Since 
o v e r a l l  landscape charac ter  has  a l r e a d y  been included i n  the  scoring 
system it i s  arguable t h a t  the  influence of adjoining squares i s .  
a l r eady  i m p l i c i t l y  present  i n  t h e  t o t a l  scores. 
Land use dependence 
Among the  scores  i n  Table jc.29 a r e  some t h a t  a r c  d i r e c t l ~  r e l e r?n t  t o  
assessment of the  e f f e c t  of land use on r ec rea t iona l  po ten t i a l .  The 
value given t o  'deciduous o r  mixed woodland', 'coniferous woodland', 
'arable l and  o r  pas ture '  and 'bracken heath o r  rough g rass l and '  r e f l e c t  
t h e i r  cont r ibut ion  t o  the  enjoyment of the  ind iv idua l  r ec rea to r  ( o r  
perhaps t h e  small coherent group of r e c r e a t o r s  e.g. fami ly  group). 
It i s  a l s o  necessary t o  consider t h e  capac i ty  of these  land uses t o  
absorb o r  c a r r y  r e c r e s t o r s .  Two d i f f e ren t  f a c t o r s  inf luence  t h i s  
carrying capaci ty  ( i )  t he  dens i ty  of r e c r e a t o r s  which w i l l  so e f f e c t  the  
environment as t o  change the  most appropr ia te  des ignat ion  of land use  
and ( i i )  the  dens i ty  of r e c r e a t o r s  which so d e t r a c t s  from t h e  enjoyment 
of each person i n  t h e  environment t h a t  they f a i l  t o  g a i n  from t h e i r  
a c t i v i t i e s .  
As a n  example of the  f i r s t  poin t  i t  i s  c l e a r  t h a t  only a small number of 
people need walk through a potato patch before i t  i s  no longer  a p t a t o  
patch. S imi la r ly  a l a r g e  t r a f f i c  through upland grazing land may i n  
t i n e ,  unless  s u i t a b l y  managed with paths, e tc . ,  be the  cause of severe ly  
reduced grazing capaci ty  through d i s rup t ion  of f l o c k s  o r  erosion 
fol lowing trampling. The d i f f e r e n t  land uses  may be graded according 
t o  t h e i r  a b i l i t y  t o  withstand r e c r e a t i o n a l  pressures. 
On t h e  seconc! point ,  t h e r e  need no t  be many people i n  the  potato patch 
before each begins t o  f e e l  t h e r e  a r e  too many. To t h e  person seeking 
so l i tude  on the  f e l l s  a s i n g l e  i n t r u d e r  i n t o  h i s h e r  range of v i s i o n  may 
be too  many. Again it i s  poss ib le  t o  grade the  land uses  by t h e i r  
a b i l i t y  t o  ' h ide '  people f r o m  each o t h e r  (Table 4.32 shows both these  
gradings).  
Before ap2lying these  gradings, however, there  a r e  o ther  poin ts  t h a t  
should be mentioned i n  r e l a t i o n  t o  t h e  developnent of scores f o r  l and  use. 
The importance of carrying capaci ty  r e l a t i v e  t o  o.ther f a c t o r s  depends~  
on t h e  degree t o  which r e c r e a t i o n  i s  enjoyed ' i n s i d e '  t h e  use  ana how 
much the  cont r ibut ion  i s  t o  someone 'out&det  the  use area.  These 
terms a r e  d i f f i c u l t  t o  define. It might be thought th t  someone 
t r a v e l l i n g  i n  a c a r  o r  coaoh o r  tak ing  a picnic  lunch i n  a ca r  park o r  
lay-by i s  outs ide  the  land use ivhereas someone s t r o l l i n g  i n  a f d r e s t  o r  
stomping t h e  f e l l s  i s  within the  land use. However, t h e  ca r  t r a v e l l e r  
may p re fe r  t o  be - t ravel l ing  a winding road f lanked by t r e e s  than a 
s imi la r  road through grazing land,  because of the  seclusion t h i s  gives, 
I n  t h i s  sense he i s  i n s i d e  the  use. If -khe walker i s  t r e a a n g  well  
made paths and not a f f e c t i n g  t h e  product iv i ty  of t h e  l and  then  he might 
be considered t o  be ou t s ide  the  use. Thus, our d e f i n i t i o n  of i n s i d e  
and ou t s ide  depend on mhether we a r e  t a lk ing  about car ry ing  capaci ty  
i n  teims of the  a b i l i t y  of the  land t o  ' h ide '  or i t s  a b i l i t y  t o  withstand 
pressure. 
I n  the  absense of knovrledge of preferences regarding motor tour ing  
environments, o r  the  determination of people t o  depar t  from es t ab l i shed  
walking routes, the  importance given Lo car ry ing  capaci ty  must be 
l a r g e l y  guesswork. The two carrying c a p c i t y  f a c t o r s  f o r  each l and  use 
given i n  Table 4.32 increase  the  r a t i o  of bes t  t o  worst scores f o r  land 
use from around 2$:1 t o  &&:I. If v:e consider  a l l  r ec rea t ion  t o  be 
outs ide  t h e  use then r a t i o s  should no t  change. If however, a l l  
r e c r e a t i o n  was thought t o  be i n s i d e  then the  r a t i o  should perhaps be 
g r e a t e r  than t h i s .  The f i g u r e s  t h u s  represent  some s p l i t  of publ ic  
r e c r e a t i o n a l  preference. 
We might perhaps vary  the  r a t i o  with l and  c l a s s  t o  r e f l e c t  t h e  f a c t  t h a t  
i n  t h e  lowlands r e c r e a t i o n  i s  l a r g e l y  c a r  based while  l a n d  c l a s s e s  
13-16 cont r ibute  predominantly t o  walkers and climbers. The 
impl ica t ion  of t h i s  i s  t h a t  land use  i s  a more important inf luence  on 
r e c r e a t i o n a l  p o t e n t i a l  i n  the  uplands than i n  t h e  lovlands. On t h e  
o t h e r  hand, s ince access  t o  the  uplands i s  lower t h e  importance of 
carrying capaci ty os  arguably 1ov:er. But a s  we a r e  concerned with 
r e c r e a t i o n a l  p o t e n t i a l  it i s  reasonable t o  in t roduce  some adjustment 
i n  scoring i n  l i n e  viith the  arguments above. Table 4.33 demonstrates 
t h i s  adjustment process. 
Other po in t s  
Another f a c t o r  t o  consider  i n  scoring f o r  land use i s  t h e  compat ib i l i ty  
of uses  t o  lendscape f e a t u r e s ,  i . e .  can one land use  enhance some land 
forms while de t r ac t ing  from others?  This again involves  value 
judgements r equ i r ing  the  input  of public  and/or expert opinion. It 
i s  gene ra l ly  thought t h a t  there  a r e  conforming and non-conforming uses  
i n  landscape terms, and t h a t  the degree of s u i t a b i l i t y  depends on 
management. For example the  f o r e s t  which i s  contoured t o  t h e  land 
form i s  more compitable than one with s t r a i g h t ,  r i g i d  boundaries. I n  
some circumstances d i v e r s i t y  may be gene ra l ly  regarded as a d e s i r a b l e  
landscape f e a t u r e  while i n  o the r s  the  in t roduc t ion  of a new land use  t o  
a n  a r e a  may be thought a n  in t rus ion .  No allowance f o r  such. d i f f e rences  
of opinion was included i n  the  coeff ic ients .  The poin t  can be explored 
i n  running of the  model. 
F ina l ly ,  the  l e v e l  of r e c r e a t i o n a l  demand depends i n  many a r e a s  on the  
proximity of ' s e rv ice '  cen t re s  - accommodation, pubs, shops e t c .  Near 
such cen t re s  o r  lhoney p o t s 1  the  r ec rea t iona l  carr,ying capaci ty  of the  a 
land  i s  more l i k e l y  t o  be approached o r  reached than elsewhere. Again 
we a r e  he re  concerned with demand r a t h e r  than supply and developnent of 
t h i s  point  i s  b e t t e r  l e f t  t o  t h e  time of t r a n s l a t i o n  of r e s u l t s  i n t o  
policy. 
The same a p p l i e s  t o  h i s t o r i c  s i t e s ,  s t a t e l y  homes and o the r  po in t s  of 
a t t r a c t i o n  which a r e  unrelated t o  t h e  cha rac te r  of t h e  land o r  i t s  use. 
Combination of f a c t o r s  I 
The f i n a l  land use f a c t o r s  i n  each c l a s s  were simply mul t ip l i ed  through 
t h e  bas i c  land c l a s s  scores  t o  de r ive  scores  f o r  each c l a s s  under each 
use. They were f r n a l l y  divided by 10 t o  keep the  range convenient. 
Table 4.34 gives  the  r e s u l t .  
Table 4.22 Physica l  f a c t o r s  i n  ecologica l  condit ion - by land c l a s s  




No d a t a  












Table L.23 ~ e t e r c g k n e i t ~  i n d i c e s  of vzgeta t ion  groups 
( ~ u n c e  & Smith, 1978) 
Vegeta t iongroups  Descr ip t ion  Heterogeneity index 
1 -8 Cult ivated 
9-1 2 Improved p ts ture  
I 3 1  6 Permanent p a s t u r e  
17-32 Rough sraz ing* (beef 
(sheep 
6-8 Cereal crops 
5 Root crops 
29-31 Broadleaf woodland 
32 Coniferous f o r e s t  
Ratio 
*The f i g u r e  given by Bunce and Smith i s  6.0 and t h i s  w i l l  r e f l e c t  t he  
present  preponderance of sheep on rough grazing land. It i s  
genera l ly  argued (e.g. Bocook & Marrrson, 1976) t h a t  grazing of beef 
c a t t l e  i s  more advantageous eco log ica l ly  than  sheep. The f i g u r e  of 
7.0 i s  a n  at tempt t o  quant i fy  t h i s  difference. 
Table 4.24 Assumed d i s t r i h t i o n  of vegeta t ion  groups by 
a g r i c u l t u r a l  grade 
Agr icu l tu ra l  grade 2 ' I 06 cu l t iva ted  
3 89% Cult ivated 2% Impraved Pasture 
4 5% Improved Pasture 4% Permanent Pallture 
5 1% Permanent Pasture 9% Rough grazing I 
Table 4.25 Resulte  of ecological  survey of Dinas e s t a t e  
Habi ta t  P lan t  spec ips , .p r  h a b i w  N ~ . ~ o f  i n e r c t s  i n  Bird species  NO. Tota l  $2 b f  I OOm (est imated) pairs/scre species 
recorded 
.Deciduous 
.';oods , 464 69 172,734 3.7, 31 
'Mature 
coni fer  142 21 
Bracken 
slopes 286 42 
Heather 
mcrr I 0 0  15 
71,755 l s r c h  
21 7,320 spruce 1.2 15 
2,702 1.2 1 1 
32 748 
.8 4 
Grass moor 90 13 50,310 1.2 2 
Lowland 
f i e l d s  302 45 - 3. 1 22 
. 
!?able 4.26 Normalised measures of ecologica l  condi t ion  i n  d i f fe ren t  
h a b i t a t s  
k Plant  B Insec t  C Bird D Bird E Overall  
v a r i e t y  d e n s i t y  d e n s i t y  v a r i e t y  s c o w  
Deciduous r:odds I .OO I .oo 1 .oo I .oo I .d 
Mature coniferous TI oods 0.31 1 .OO 




Heather moor 0.32 0.22 
0.35 0.33 
0.19 
Grass moor 0.22 0.13 0.20 0.19 0.18 0.32 0.06 
Lowland f i e l d s  0.65 
0.19 
no . 0.84 0.71 0.71 
d a t a  
Table 4.27 Coeff ic ients  of eco log ica l  value 
Lana 

















































































































*These scores a r e  f o r  t h e  a l t e r n a t e  management opt ions  shown i n  
' 
Table 4.36-4.40 and described i n  Sect ion  4.2 
Table 4.28 Comparison of ecologioal  va lues  with scores  from 
Dinas e s t a t e  
,If the  score f o r  deciduous woodland i n  land c l a s s  3 i s  s e t  at  1.0 then 
comparisons a r e  . . . . . 
Dinas 'Lowland f i e l d s '  0.65 
Class 3 Shejp 0.72 
Dinas 'Bracken s lopes '  0.62 
Class 9 Sheep 0.55 
Class 11 Sheep 0.65 
Dina s  'Heather moor 1 0.22 
Class 16 Sheep 0.45 
Note: The Dinas sco res  a r e  f o r  vegeta t ion  only 
67. 
Table 4.29 Recreat ional  scores  derived i n  Cumbria County Council survey 
A t t r i b u t e  Score A t t r i b u t e  Score 
Metalled road 90 &acken, heath o r  rough 45 
gra  s s land 
Major r i v e r  o r  canal  50 In land cliff 40 
Small r i v e r  o r  stream 45 Cave o r  pothole 25 
Va t e r f  a l l  55 S t a t e l y  home, garden o r  60 
h i s t o r i c  s i t e  
Large l ake  ( * 100 ha) 80 Picturesque v i l l a g e  * 65 
Small l a k e  ( 1 I 00 ha)  65 Fbotpath, b r i d l e  way o r  50 
unmetalled road 
Mudflat o r  e s t u a r y  35 Overal l  landscape cha rac te f l  85 
Sandy o r  sh ingle  beach 75 Coastal and e s t u a r i n e  0.8 0 
Coastal c l i f f  55 Rol l ing  lowland 0.5 
Parkland 45 Low f e l l s  0.65 




Coniferous woodland 35 High, wild limestone f e l l s  0.7 
Arable land o r  p s t u r e  20 Lakeland craggy scenery 0.9 
* These values mere mul t ip l i ed  by the  value 85 which had been scored 
a s  p a r t  of t h e  whole a t t r i b u t e  l i s t .  The d i f f e r e n t  landscape 
cha rac te r s  were assessed  separately,  al though i n  t h e  same survey 
group. 
Table 4.30 A t t r i b u t e  scoi.ing t a b l e  f o r  r e c r e a t i o n  c o e f f i c i e n t s  
Scores underl ined were derived from t h e  survey of Cumbria 
staff. The remainder a r e  der ived  by i n t e r p o l a t i o n  o r  i n  
conversat ion with Merlewood s t a f f .  
A. Natura l  f ' ea tures  
Overa l l  landscape Character 
Land c l a s s e s  7, 8 
1, 2, 5, 6 
3, 4, 11 
9, 10, 12  
3 1 4  
15, 16 
A t t r a c t i v e  Features  
58. Small beck ( s t r e a n )  : slow flowing 
59. Small beck: f a s t  flowing 
60. Small r i v e r :  slow flowing 
61. Small r i v e r :  f a s t f l o w i n g  
62. Large r i v e r  
63. Water fa l l  
64. Natura l  l a k e  (0.4 ha 
65. Natural  lake  5 .  ,LA h, 
66. Natural  l a k e  4-40 ha 
67. Natural l a k e  j 40 ha 
120. Near v e r t i c l e  c rags  10-3Orn 
121. Near v e r t i c l e  c rags  9-100rn 
122. Near v e r t i c l e  c rags  > lOOm 
Score 
- -- 69. 
Table 4.30 (cont.) 
B. Access/Inf'rastructure 
Value t o  Value t o  
land s c a p  access 
Roads 
127. Motorway -50 - 90 
I 28. 'Ar class  : dual carriage way -25 85 
129. 'Ar class :  single carriage way -1 5 80 
130. 'B' class  -1 0 80 
131. Unclassified : fenced 
-5 75 
132. Unclassified: unfenced 
- 70 
133. Unmetalled: fenced - 60 
-
- 134.. Unmetalled: unfenced 55 
Other 
138. Railway ER +5 
139. Railway - other +I 0 
1 0  Railmay R9 overhead e l ec t r i c  -25 
141. Transmission wires: pylons -50 
142. Transmission wires: poles -5 
143. Above surface pipelines -30 
145. Parking 5 - 50 cars  -25 
146. Parking > 50 cars  -50 
169. Nearest r a i l  s ta t ion  < 3 miles - 
170. Nearest bus route < 3 miles - 
Table 4.31 Land use independent scores of r e c r e a t i o n a l  p o t e n t i a l  by i land  c l a s s  
Lana   lass Natura l  Access and f e a t u r e s  i f l r a s t r u c t u r e  Tota l  
mean = 241 
* I n  tak ing  a sample of scores  from t h e  C.C.C.  study t h e  mean score f o r  
L . C . 8  was very near  t h e  mean of the  whole sample. L.C. was about 0.75 
of t h i s  score. This was used i n  determining the  above scores. 
Table 4.32 Land use dependent r e c r e a t i o n  scores  








Council Carrying capaci ty  
mrve y Suppart Hiding 
Combined ~ 
r a t i o  
* The score f o r  unused land was assigned t o  f i t  the  subjec t ive  f i n a l  
, 
score given f o r  such land i n  l and  c l a s s e s  14 and 16 i n  Table 4.33. 
Table 4.33 Modificat ion of land use d e p e n d e ~ t  r e c r e a t i o n a l  p o t e n t i a l  
by usage p a t t e r n  and l and  c l a s s .  
The degree t o  which land use i s  important i n  s e t t i n g  r e c r e a t i o n a l  p o t e n t i a l  
depends on t h e  ex ten t  t o  which r e c r e a t i o n a l  va lue  i s  gained f r o m  wi th in  
t h e  use  o r  outs ide ,  f o r  example from a  motor car.  
Est imates of t h e  e x t e n t  t o  which r e c r e a t i o n  i s  c a r  based i n  each l and  
c l a s s  were made and a  co r rec t ion  f a c t o r  introduced. This f a c t o r  i s  
constructed so t h a t  t h e  r a t i o  f o r  deciduous woodland t o  cropping should 
be 3: l  i n  lowlands and 6:1  on t h e  h i l l s  and f e l l s .  
The f i g u r e s  f o r  oar  usage and t h e  endpoint r a t i o s  a r e  not  based on any 
hard d a t a  but der ived  through conversat ion with people concerned wi th  
r e c r e a t i o n  i n  t h e  county. 
Land c l a s s  % Car based Fac to r  
So, the  use  dependent score f o r  coni ferous  woodland i n  c l a s s  4 becomes 
I + (2.58-1) x 0.79 = 2.1 
Table 4.34 Coeff ic ients  of r e c r e a t i o n a l  p o t e n t i a l  
Land Use 










Note: a l l  lowland l i v e s t o c k  has  been soored a s  p a s t c r e  
upland d a i r y  has  been scored a s  pas ture  
uplsnd sheep have been scored a s  bracken, heath, rough 
grazing 
( i v )  upland beef have been reduced by 1.2 because of lower 
- 
'.?cl'lsti,7~. I .h 
r e c r e a t i o n  support c a p c i t y  (mutual dis turbance between 
c a t t l e  and persons high). 
(v)  scores  marked * a r e  f o r  a l t e r n a t e  management op t ions  
shown i n  Table 4.36-4.40 a n d d e s c r i b e d  i r l  section 4.2 
Management opt ions  which have a l r e a d y  been nentioned and which a r e  
p rac t i s ed  t o  some ex ten t  ir, Cumbria a r e  ( i )  upland p s t u r e  improvement 
and ( i i )  the  absence of management. The l a t t e r  1 s  a  c l e a r l y  defined 
s i r u a t i o n  and a l l  inpu t s  and qutputs  except r e c r e a t i o n a l  po ten t i a l  and 
ecologica l  value drop t o  zero. The former, on t h e  o t h e r  hand, i s  a  
ma t t e r  of degree. The e f f e c t  of pas ture  improvement on t h e  balance 
of  i n p u t s  and outputs  depends on 
( i )  t h e  na ture  of the  land,  and 
( i i )  t h e  type and degree of improvement pursued. 
F e i s t  e t  a 1  (1976) l i s t  the  ways i n  which a n  upland farmer can r a i s e  
output  and p r o d u c t i v i t y  a s  
(i) amalgamations 
( i i )  d i f f e r e n t  farming systems 
( i i i )  new technology . . . 
t h e  l a s t  inc ludes  pas ture  improvements by oo r rec t ion  of s o i l  n u t r i e n t  
dc f i c i enc ie s ,  reseeding,  bracken reduct ion,  improvsd graz ing  management 
and, on b e t t e r  cround, ?rainage and more s i l a g e  making. 
Roberts (1973) has  3escribzd t h e  s t e p s  towards increased  production by 
mountain pas ture  improvement i n  ''Yales. The pas tures  being improved a r e  
a t  a l t i t u d e s  'setmeen 500 and 560 metres  and t h c  betterment involves t h e ,  
a p p l i c a t i o n  of l imestone and slag, f l a i l  mowing, l i g h t  c u l t i v a t i o n ,  
reseeding  with ryegrass  and cl.over, a p p l i c a t i o n  of phosphate, potash and 
n i t rogen,  and r o l l i n g .  
'The paddocks where pas ture  improvement has  taken place a r e  then  grazed 
on a  r o t a t i o n a l  bas i s ,  a t  ar. o v e r a l l  stocking r a t e  of s i x  ewes p lus  
l m b s  per cc re  (improved p lus  unimproved a c r e s  wi th in  t h e  pddocks)  
which, i n  practise, means a  stocking r a t e  of betveen t e n  and t:-elve ewes 
plus, lambs on t h e  improvd  a r e e s  f o r  period of between f o u r  and f i v e  
days, followed by a  r e s t  period of approximately f o u r t e e n  days.' 
The cos t  d e t a i l s  o f , t h e  improvemznt & r e  given i n k p p e n d i x  1 and show 
t h a t  over t h e  whole e s t a t e  of 838 h e c t a r e s  the ga in  i n  g r l z i n g  capac ' t  
-3 y 
GELS 800 ewes and 20 cons, o r  190 GUJ. . This i s  a  ga in  of 22  GLU lan . 
-1 Annual i n p u t s  necessa t o  s u s t s i n  t h i s  ga in  a r e  k 10  ha i n  
- fY.  f e r t i l i s e r ,  & 6.1 ha 17 p x e r  .-nd machinery, one e x t r a  man-year 
labour  an$. about t: 2 ha- sundries.  Using t h e  energy conversions 
d e t a i l e d  i? Appendix 2 t h e  i n p t s  (omi t t ing  sundr ies )  m o u n t  t o  about 
0.267.J km- and 35 SfiD hZ2. 
The a d d i t i o n a l  GLU a s  sheep would be  2.0 tornles of m e a t , a n d  0.26 tcnnes  
of wool i n  land c l a s s e s  9-12 o r  1.2 tonnes meat and 0.19 tonnes wool i n  
c l a s s e s  13 o r  15. Beef i n  these  l a t t e r  c l e s s e s  would y i e l d  a n  e x t r a  - -  
2.1 t o n n e ~  of meat. l and  c l a s s e s  I!; and 16 were .considered beyond 
improvement by t h i s  formula. 'Table 4.35 d e t a i l s  these  a d d i t i o n a l  
outputs  anfi t h e  necessary  i n p ~ t s .  
The e f f e c t  on ecologica l  va lues  and r e c r e a t i o n a l  p o t e n t i a l  of these  . 
changes i n  manage~ent  a r e  not  e a s i l y  assessed.  Recreat ional  value v~ould 
be expected t o  dec l ine  s s  use i n t e n s i f i e d  and t h e  a b i l i t y  of the  l and  t o  
skpport r e c r e z t i c n  an6 maintain i t s  ~ r o d u c t i v i t y  would oonf l i c t .  I n  
a l l  c l a s s e s  improved sheep land  i s  scored t h e  same a s  unimproved beef,  
while  improved beef i s  given the  same score a s  coniferous f o r e s t .  
Ecologica l ly  t!?e changes might be expect& t o  inc rease  t h e  d i v e r s i t y  and 
r i chness  of t h e  vegeta t ion  e s p e c i a l l y  i n  sheep graz ing  land. The scores  
f o r  t hese  were increased  t o  be equal  to beef scores  i n  t h e  same land 
c l a s ses .  
The op t ion  of l eav ing  c l a s s e s  14 o r  16 a s  wilderness a r e a  rrould reduce 
i n p u t s  and outputs  t o  zero and while ecologica l  values would c e r t a i n l y  
increase  ( t o  t h e  e q u i m l e n t  of deciduous woodland i f  t h a t  were poss ib le) ,  
t h e  r e c r e a t i o n a l  value of such an absense of management i s  debatable,  
The f e e l i n g  i n  the  I ske  D i s t r i c t  National  Park admin i s t r a t ion  i s  t h a t  
the  r e c r e a t i o n a l  value would be lower than a t  p e s e n t  s ince  t h e  farming 
cot tages ,  the  d ry  s tone wa l l s  and the  sheep themselves provide 
considerable v i s u a l  i n t e r e s t ,  \vhile the  close-cropping na tu re  of the  
h i l l s  under sheep i s  a l s o  cornonly appreciated.  The l i m i t a t i o n  on • 
access  mhich i s  t h e  r e s u l t  of grazing i n  t h e s e  lan?. c l a s s e s  i s  minimal. 
. . . 
Another v a r i a t i o n  i n  management i s  being encouraged by the  Nat ional  Park 
who ~ i s h  t o  see farming continue i n  small-holdings. This involves  some 
sacri!'ice of p roduc t iv i ty  p a r t i c u l a r l y  if t h e  hold ings  a r e  of l e s s  than  
600 S J D  (Edwards and 3ogcrs; 1974).* The ga in  i s  predominantly i n  
r e c r e s t i o n a l  p o t e n t i a l  through the  r e t e n t i o n  of  t r a d i t i o n a l  a g r i c u l t u r a l  
landscapes 2nd low i n t e n s i t y  ef operat ion.  
Various h.ypothttica1 managenent opt ions  may a l s o  be ewmined. For 
example, f o r e s t r y  p r a c t i c e  could be a l t e r e d  i n  2 :.ay t h a t  ~ :ould  reduce 
the  timber y i e l d  but v~ould inc reese  the  r e c r e a t i o n a l  and ecologica l  v d u e  
of t h e  f o r e s t s .  Another p o s s i b i l i t y  i s  a  profound inc rease  i n  t h e  
a g r i c u l t u r a l  product ivi t ,y  of h e  lovflands brought about  by, f o r  -oxample, 
i n v e s t i n g  more enere;. t o  grow a  l h r g e r  .area of crops. Such a  change 
would be accompanied by dec l in ing  e c o l o g i c d  values. 
There a r e  2 l s o  t rade-of fs  a v a i l ~ b l e  between r e c r e a t i o n  and a g r i c u l t u r a l  
product iv i ty ,  bets~een labour  inpu t  and energy inpu t  and so on. These 
could be explored through t h e  nodel e i t h e r  s i n g l y  o r  i n  combination. 
Thc f u l l  s e t  of coeffi-cients of product ion inc luding  t h e  improved 
pas ture  and. wilderness opt ions  i n  g iven i n  Fables 4.36 t o  l+.j+.O 9mhile 
t h e  z l t e r n z t i v e s  i n  ecologic value and r e c r e a t i o n a l  p o t e n t i a l  have 
a l r e a d y  been incl.ude6 i n  Tables 4.27 and 4.3I+. 
*Although \Taller (1971) might d i spu te  this assessment, a rguing  t h a t  
o u t p l t  per hec ta re  i s  important ,  not output  per man, whereas 
government po l i cy  i s  t o  encourage growth i n  t h e  l a t t e r  even a t  t h e  
expense of the  former. 
Table 4.35 Addit ional  inputs  and outputs  a s soc ia t ed  with upland 
pasture improvement 
Land c l a s s e s  9-1 2 ~ n n d c l a s s e s  13 and 15 
Sheep Beef Sheep Beef 
Extra i n p l t s  
Labour (Shl~)  108 105 109 
Energy (TJ) 0.39 0.45 0.40 
Extra o u t p t s  
Mest ( t o m e s )  2.0 2.9 1 .2 
;loo1 ( t o m e s )  0.26 - 0.19 
Food uncrgy (25) 0.026 0.029 0.016 
Table 4.36 Coefficients of &eat production (tonnes hm2) 








Table 4.37 Coef f i c i en t s  of food energy product ion (TJ km-') 
Land class 
Dairy/ cro p s/ 





Table 4.38 Coeff ic ients  of energy consumption (TJ km 
 air^/ crops/ 
Lana Coniferous ~ e c l d u o u s /  Beef improve& improved Sheep 
c l a s s  milderne s s  beef sheep 
* 
I 1.25 0.62 2.36 2.99 7.00 1.63 
2 
, 
I .33 0.66 2.75 3.41 3.61 I a97 
3 1.11 0.56 2;2j 2.80 5-72 1.56 
4 I .I 3 0.56 I ;77 2.27 4.76 1.19 
5 1.29 0.63 2.87 3.58 3.63 2.06 
6 1.30 0.65 2.84 3.55 ' 3.68 2.03 
8 1.25 0.62 2 :71 3.34. 7.64 1.98 
9 0.83 0.36 0.35 0.80 0.63 0.24 
10 0.87 0.37 1.04 1.32. 1.22 0.83 
11 1.01 0.50 0.93 1.21 1 .I1 0.72 
12 0.98 0.48 I ;08 I . j6  I -26 0.87 
13  0.53 0.15 0;22 0.67 0.59 0.19 
0.12 I 4  
- o ;09 - - 0.08 
15 0.50 0.18 0;28 0.73 ' 9.65 0.25 





Table 4.39 Coeff ic ients  of labour  requirement ( S ~ D  hem-') 
Lana 
c lass  Coniferous Beef 







Table 4.40 Coef f i c i en t s  of milk and wool production ( t o m e s  kmq2) 





4.3 RELIABILITY OP COEFFICIENTS 
A knowledge of the  degree of e r r o r  which may be present  i n  t h e  c o e f f i c i e n t s  
j u s t  defined i s  important,  a s  l a t e r  s e n s i t i v i t y  a n a l y s i s  ( ~ e c .  6.2.2) 
w i l l  demonstrate. 
There a r e  c l e a r l y  a s  many d i f f i c u l t i e s  i n  a s sess ing  t h e  confidence 
l imits  of y i e l d s  and p roduc t iv i t i e s  a s  the re  a r e  i n  determining t h e  
bes t  es t imates  themselves. 
The problem of inhomogemibj of land i n  each land c l a s s  i s  t r e a t e d  
elsewhere (Sec. 6.1 ). Here concern i s  v i t h  divergence of numerical 
va lues  from " typ ica l "  l and  i n  each c l a s s .  Tmo types of divergence a r e  
r e a d i l y  separable conceptually. Error  i n  es t imat ion  of, f o r  example, 
meat production may a r i s e  from bad f i g u r e s  f o r  herd composition o r  
dressed carcass  weights. I n  these  cases  t h e  r a t e d  p roduc t iv i ty  of a l l  
land o la s ses  would be a f fec ted  and a l l  would contain s imi la r  propor t ional  
e r ro r s .  If, however, t he  d e f i n i t i o n  of y i e l d  c l a s s e s  (timber production) 
o r  GLU r a t i n g s  ( l i v e s t o c k  car ry ing)  by land c l a s s  has  been f a u l t y  then 
t h e  r e l a t i v e  values given t o  the  land c l a s s e s  and perhaps even t h e i r  
rankings w i l l  be i n  er ror .  
These must be assessed  s e p r a t e l y  s ince a n  e r r o r  which i s  common t o  one 
l and  use  i n  a l l  c l a s s e s  i s  l e s s  l i l ce ly  t o  a f f e c t  the  land use 
d i s t r i b u t i o n  prefer red  by t h e  model than  i s  an  e r r o r  confined t o  one 
c l a s s  only. For example, if a l l  t h e  p r o d u c t i v i t i e s  of t imber a r e  I@ 
t o o  l o n  t h e  op t iona l  land use d i s t r i b u t i o n ' i s  h n l i ~ e l y  t o  be a f fec ted ;  
but,  if j u s t  one c l e s s  i s  r a t e d  1% t o o  low then  i t  may be t h a t  t h i s  
c l a s s  i s  the  most s u i t a b l e  f o r  a f f o r e s t a t i o n ,  r a t h e r  than another  
previously recommended. 
The c o e f f i c i e n t s  a r e  de3l t  c i t h  i n  t h e  order  i n  mhich they a r e  
incor,prated i n  tho mod& . . . 
( a )  Softwoods: The y i e l d  c l a s s  estimeted of Table 4.9 should be 
accura te  t o  + I  a t  a l t i t u d e s  below 450111. The t r a n s l a t i o n  of these  t o  land 
c l a s s e s  i s  bxsed on inadequate s o i l  and a l t i t u d e  d i s t r i b u t i o n  d a t e  and 
unce r t a in ty  i s  c e r t a i n l y  high. I n  o la s ses  13-16 t h e  unquantir ied f a c t o r  
of exposure becomespart icular ly important i n  determining y ie lds .  
Uncertainty the re fo re  inc reases  with increas ing  a l t i t u d e  and t h e  i n t e r -  
use e r r o r s  a r e  est imated a s  
Classes 3 Uncertainty (m ) Percentage (Approx) 
1-8 
9-1 2 
1 3  and 15 
14 and 16 
I n  add i t ion ,  t h e  e n t i r e  s e t  of land c l a s s e s  mould be +I$ from t r u e  
- 
yie lds .  
( b )  Hardwoods: Overa l l  unce r t a in ty  i s  h igher  f o r  hardwoods s ince  few 
es t ima t ions  of l o c a l  y i e l d  e x i s t  and species a r e  more va r i ab le .  A 1 1  
va lues  might be 3% i n  e r r o r  while in t r a -use  e r r o r  would be about t h e  
same i n  percentage terms a s  t h e  softwood f i g u r e s  on mhich they a r e  based. 
Poss ib l e  divergence would be h igher  a t  increased  a l t i t u d e  near  t h e  
l i m i t  of t h e  growing range. 
. . 
Classes 3 Uncer ta in ty  (m ) Percentage (approx) 
The major unce r t a in ty  i n  es t imat ing  meat production i s  i n  t h e  assignment 
of carr7jlng c a p a c i t i e s  o r  s tocking r a t e s  t o  ind iv idua l  land c l a s ses .  
'l'he combination of F igures  5.1 and 5.5 and t h e  d i s t r i b u t i o n  of 
a g r i a u l t u r a l  grades (Table 2.4) a l lows reasonable confidence i n  lowland 
est imates .  A t  higher  a l t i t u d e s ,  and i n  p a r t i c u l z r  i n  the very  va r i ab le  
upland c l a s ses ,  t h e  divergence i s  poss ib ly  much higher.  
Classes Uncer ta in ty  (GLu) Percentage (approx) 
1-8 .-a + I  0 6 
10-1 2 t15 
- 
20 
9, 43, 15 - +5 I 6 
14, 16 + 2 20 
I n  a d d i t i o n  t o  t h i s  i n t r a -use  u n c e r t a i n t y  th-se  v i i l l  be e r r o r s  from 
inacoura te  es t imat ion  of reproduct ion r a t e s ,  c u l l  r a t e s ,  growth r a t e s  
etc. ,  used i n  compiling Table 4.19. These should be s imi l a r  i n  a l l  
c l a s s e s  and a r e  probably accura te  t o  +7$. 
- 
( a )  1,ivestock: Conversion f a c t o r s  f o r  meat and milk t o  food energy a r e  
wel l  knovm and so e r r o r  should be no g r a a t e r  than  t h a t  given under meat 
production. 
(b )  Crops: The ranking of p roduc t iv i ty  by land  c l a s s  i s  reasonably 
well  defined but the  p roduc t iv i ty  of t h e  b e s t  l a n d  and t h e  r a t e  of 
dec l ine  a r e  both tenuously b?sed. The former g ives  a n  in ter -use  
divergence of perhaps +IF while t h e  l o n e r  product ive c l a s s e s  ( 3  and 4) 
may be a n  a d d i t i o n a l  2-E I- ~n ' e r r o r .  
So many sub jec t ive  ~ v a l u a t i o n s  a r e  involve$ i n  s e t t i n g  r e c r e a t i o n a l  
scores  t h e t  es t imates  of e r r o r  become f a i r l y  meaningless. 
The e f f e c t  of changes i n  c e r t a i n  va lua t ions  can be lapped through t o  
the  f inal  score s e t  and the  reasonableness of these  changes taken a s  a 
measure of the  reasonableness of the  corresponding changes i n  the  
scores. For emmple, i f  i n s t e a d  of .using t h e  "kccess/finfrasturcturev 
scores  of Table 4.30 these  were divided by two t o  g ive  a lover  
importance t o  the  f e a t u r e s  included i n  t h i s  category, then  the  new score 
s e t  i s  a6 given i n  Tzble 4.41. The d i f ferences  between these  scores 
and those  i n  Table 4.33 a r e  up  t o  3% and y e t  i n  n e i t h e r  case i s  the  
a t t r i b u t e  weighting unreasonabl6. 
There can c l e a r l y  be very l a r g e  divergences i n  r e c r e a t i o n a l  p o t e n t i a l  
between t h e  va1ue:used and t h a t  determined inde2endently. F a r t i c u l a r l y  
i n  t h e  uplands subjec t ive  ' cons idera t ions  e r e  paramount t o  the  ex ten t  t h a t  
the  l and  use tiecision may r e s t  on t h e  per-sonal, a e s t h e t i c  preferences of 
the  dccision-maker. 
Changes i n  environmental preferences o r  r e c r e e t i o n e l  p a t t e r n s  may a l s o  
a f f e c t  the  r ec rea t iona l  scores  over time. Rescored t e n  years  from now 
the  va lucs  given may be considerably changed. 
An assessment of accuracy cannot the re fo re  be q u a n t i t a t i v e l y  given and 
r e s u l t s  s e n s i t i v e  t o  r ec rea t iona l  scores  must be considered closely.  
Energy c onsumptkn 
( a )  Timber production:  Kost of t h e  energy used i n  timber production 
i s  f o r  harves t ing  and mi l l ing .  Sst imates f o r  both come from American 
sources without d e t a i l  of the  a s s y p t i o n c  used. The harves t ing  
f i g u r e  may be a s  much a s  0.1 GJ m- (4%) i n  e r r o r ,  while energy use  i n  
mi l l ing  depends very much on c u t t i n g  pa t t e rns  and the  genera l  
e f f i c i ency  of procedures. Divergence from the  U.S. es t imates  could 
e a s i l y  be a s  g r e a t  a s  2% and so the  inter-use unce r t a in ty  up t o  2% 
overa l l .  
Intra-us6 energy consumption e r r o r s  w i l l  be no more thc.n the  e r r o r s  i n  
timber product iv i ty  unless  the re  a r e  very l a r g e  diffei-ences i n  
.harves t ing  consumption i n  d i f f e ren t  land c lasses .  
(b )  Livestock: The energy inpu t s  t o  var ious  vegeta t ion  groups and 
t o  c a t t l e  a r e  wel l  documented by Leach (1976). These should not vary  
s i g n i f i c a n t l y  from land  c l a s s  t o  l and  c l a s s  and consequently i n t r a -  
c l a s s  e r r o r  w i l l  be l d r g t l y  determined by and f o l l o ~ :  s tocking r a t e  
inaccuracies .  
Overall ,  t he  energy inpu t s  t o  t h e  land may be ;2G$ through problems 
of d e f i n i t i o n  and i n t e r p r e t a t i o n  of d i f f e r e n t  G s t u r e  c l a s s i f i c a t i o n s .  
Input  per  livostocic u n i t  should be more accura te  f o r  c a t t l e  (+I@) 
than f o r  sheep (220$6) since the l a t t e r  a r e  defined only by ad';;ption of 
the  former. There i s  t he re fo re  a n  in ter -use  unce r t a in ty  of +I$ i n  
- 
d a i r y  and beef and +2C$ i n  sheep. 
Crops: Xstimates a:.e based d i r e c t l y  on UK ave-age given by Leach 
Zcological w l u e  ' 
The ecologica l  va lues  l i k e  the  scores  of r ec rea t iona l  p o t e n t i a l  have no 
concrete meaning and so concepts of accuracy a r e  dependent on the  v a l i d i t y  
of t h e  c r i t e r i a  used t o  de f ine  value a s  w e l l  as on t h e  r e l i a b i l i t y  of t h e  
d a t a  used i n  response t o  those  c r i t e r i a .  The q u a l i t y  and q u a n t i t y  of 
da ta  use may be increased but the  c r i t e r i a  must remain t o  some extent  
subjec t ive  (although c e r t a i n l y  l e s s  so than f o r  r e c r e a t i o n a l  scoring).  
V i t h  d i v e r s i t y  and r i chness  a s  the  c r i t e r i a  of ecological  value the  
absence of comment on t h e  i n a p p o p r i a t e n e s s  of the  scores,  from those 
who have been involved i n  t h i s  exerc ise  so f a r ,  suggest t h a t  they a r e  
b a s i c a l l y  sensible.  Since v a r i a t i o n s  of 1% i n  many of t h e  
c o e f f i c i e n t s  would make them c l e a r l y  inappropr ia te  ( e s p e c i a l l y  f o r  
in t re-use  comparisons) t h i s  i s  c e r t a i n l y  a n  e r r o r  l i m i t  of some kind. 
However, possible e r r o r  n i l 1  be d i f f e r e n t  f o r  each ind iv idua l  score and 
i t s  importance i s  probably bes t  ass6ssed i n  t h e  l i g h t  of accuracy 
requirements as revealed by s e n s i t i v i t y  ana lys i s .  
(a) Timber production: Average labour  requirements f o r  f o r e s t r y  
p rac t i ces  a r e  known with apparent accuracy (Table 4.6). The s e p r a t i o n  
of these  i n t o  softwood and hardwood requirements, i n t o  urban and r u r a l  
jobs, and t h e  ques t ions  of road cons t ruc t ion  and t ranspor t ,add 
unce r t a in t i e s .  Nevertheless  any e r r o r  should be no more than  1% i n  
inter-use comparisons. 
(b )  Livestock: A s  xitl? t h e  energy inputs ,  a g r i c u l t u r a l  labour 
requirements a r e  extens ive ly  documents by Nix (1976). Any e r r o r s  a r i s e  
from d i f f i c u l t y  75th t r a n s l a t i o n  of farr~iing terminology and p rac t i ce  
i n t o  the  g r e a t l y  s impl i f ied  ca tegor i e s  of a c t i v i t y  defined here. 
Inter-use divergence nay be a s  much a s  2% bat insra-use comparisons 
should be c lose  t o  5% maximum e r r o r  ( t ak ing  stocking r a t e s  as cor rec t ) .  
( c )  Crops: The input  t o  whezt and potato growing a r e  given by Nix 
(1976) and should be accura te  t o  +!$. In tm-use  e r r o r  w i l l  follorr 
productivi ty.  
The major unce r t a in ty  i s  i n  stocking r a t e s  a s  indica ted  f o r  meat 
production above. There i s  no in ter -use  e r r o r  s ince  no land use o t h e r  
than da i ry ing  produces milk. 
-4gain e r r o r  ~:ill a r i s e  from unce r t a in ty  i n  stocking r a t e s  without any 
cons idera t ion  of in t e r -use  e r r o r  being necessary. 
An assessment of t h e  e r r o r  i n  a c o e f f i c i e n t  the re fo re  depends very much 
on vrhat j t i s  being comwred with. The e r r o r  i n  an  i s o l a t e d  
c o e f f i c i e n t  may be high but a s  p a r t  of s s e t  i t  may s t i l l  convey 
information accura te ly .  I n  these  circumstances t h e  u n i t s  involved 
should perhaps not  be taken too l i t e r a l l y ,  but the  coe f f i c i en t  s e t s  
taken a s  being a measure of r e l a t i v e  input  o r  output. 
Table 4.41 Se t  of r e c r e a t i o n a l  p o t e n t i a l  c o e f f i c i e n t s  derived by 
halving the  aocess / inf ras t ruc ture  scores  of Table 4.30 
Land c l a s s  Use 
Softwoods Hardwoods Beef Dairy Crops Sheep 
5.1 CIJRRZNT PEP3OR!AN CE 
- 
I n  Sec t ion  2 an es t imate  was made of t h e  present  d i s t r i b u t i o n  of land use 
by land  c l a s s  i n  Cumbria (Table 2.6). This combined with the  input  
and output  c o e f f i c i e n t s  of  each use i n  each c l a s s  der ived  i n  Chapter 4 
g ives  a n  es t imate  of t h e  i n p u t s  and outputs  of the  county a s  a  whole. 
These cannot be expected t o  be i d e n t i c a l  t o  t h e  measured produce of  
Cumbria. A l l  a f f o r e s t e d  l a n d s  a r e  not  y e t  producing timber, s tocking 
r a t e s  have been taken a s  t h e  poss ib l e  r a t h e r  than  t h e  a e t u a l ,  and, of  
course, t h e r e  i s  no pre-exist ing measure of r e c r e a t i o n a l  p o t e n t i a l  o r  
ecologica l  value. I n  a d d i t i o n  t o  t h e  t o t a l  value of each f a c t o r  a s  
generated by t h e  model Table 5.1 ( a )  ~ i v e s  a l t e r n a t i v e  es t imates  where 
ava i l ab le .  
Est imates of land  use d i s t r i b u t i o n  were a l s o  made f o r  r;he Nat ional  Farks 
and the  Ijorth Fennines AONB (Table 2.7). From these  t h e  outputs  of 
these  land  u n i t s  given t h e  c o e f f i c i e n t s  of Sec t ion  ic can be ca l cu la t ed  
(Table 5.1 (b)) .  
There i s  c l e a r l y  no one mswer t o  t h e  ques t ion:  'what i s  the  county 
capable of producing?'. This depends on what t h e  o b j e c t i v e s  a r e  and t o  
what degree each i s  pursued. It i s  poss ib le  t o  say, f o r  example, t h a t  
i f  t h e  e n t i r e  non-urban county were planted with coniferous f o r e s t  (and 
the  expanse nat destroyed by p e s t s ) ,  then the  production of timber would 
be 6.2 mi l l ion  cubic metres. S imi la r ly  a  f i g u r e  could be ca lcu la t ed  
f o r  wool production i f  the  whole county were grazed by sheep but such 
,have  l i t t l e  meaning except a s  benchmarks. 
If it i s  resolved ins t ead  t h a t  a c e r t a i n  q u a n t i t y  of food must s t i l l  be 
produced while t h e  objective i s  timber, then the  model would recommend 
the  a r e s  th- t  should be assigned t o  food production while  the  remainder 
%as fo res t ea .  This i s  simple enough, s ince  anyone ,would sens ib ly  say 
t h a t  the  bes t  a g r i c u l t u r a l  land should be used f o r  food. Things become 
more complicated hovrever when rec rea t ion ,  ecology and resource  
consumption a r e  a l s o  important. 
Suppose t h a t  the  production of timber i s  s t i l l  a  primary ob jec t ive  but 
r ec rea t iona l  and ecological  values a r e  +Jo be maintained and some l e v e l  
of production of a l l  a g r i c u l t u r a l  products i s  required. How a r e  these  
p re requ i s i t e  l e v e l s  t o  be determined? 
The approsch taken i n i t i a l l y  here i s  t o  s e t  them a t  the  l e v e l  which t h e  
cu r ren t  1snd use p a t t e r n  i s  capable of producing, as given i n  Table 
5.1 (a).  
I n  a d d i t i o n  t o  these  cons t ra in- t s  the  ob jec t ive  of timber groduction 
c o n f l i c t s  with the  f a c t  of the  Nat ional  Parks and t h e  i a r g e  AONB 
proposed f o r  the  Pennine s t r i p .  If it i s  d e t e r ~ i n e d ,  f o r  s impl ic i ty ,  
t h a t  land use wi th in  these  a r e a s  and a l s o  Commons Land may not change 
from i t s  present  conf igura t ion  (Table 2.7), then i s  i t  s t i l l  poss ib le  t o  
inc rease  timber production? 
Table 5.2 shovrs the  poss ib le  changes i n  output  (o r  i n p l t )  of each f a c t o r  
under t h i s  c o n s t r a i n t  s e t .  Thus, f o r  example, county timber production 
could be increased  by 4% over l e v e l s  given by t h e  present  l and  use  
d i s t r i b u t i o n .  S imi la r ly  food energy (2@), milk (46) and wool (2%) 
could. a l l  be increased b:j amounts which appear s ign i f i can t  ( t h e  v a l i d i t y  
of r e s u l t s  i s  discussed i n  the  following chapter) .  The increa.ses i n  
timber and wool production a r e  achieved with neg l ig ib le  changes i n  
energy an6 labour  input  while the  a d a i t i o n a l  food energy and milk requi re  
!$ more energy i n p t  and 1 more labour.  
It would be expected t h a t  as c o n s t r a i n t s  a r e  relaxed the  p c t e n t i e l  f o r  
production of var ious  commodities would inc rease  s ince t h e  range of 
opt ions  i s  increased.  Table 5.3 j.s a pay-off t a b l e  with no cons t r a in t  
on land use  d i s t r i b u t i o n ,  but with the  output  l e v e l s  of Table 5 . l (a )  
ensured. The g r e a t e s t  change i s  i n  t h e  p o t e n t i a l  f o r  timber production 
which could now jump t o  134% above ' p r e s e n t '  l eve l s .  
Table 5.4(a) fo l lows  t h i s  increas ing  p o t e n t i a l  through t h e  s t ages  of 
c o n s t r a i n t  r e l a x a t i o n :  f i r s t  t h e  common land c o n s t r a i n t ,  then t h e  
r e s t r i c t i o n  on land use i n  t h e  AONB and f i n a l l y  i n  the National  Parks. 
The t a b l e  shows t h a t  t h e  major inc rease  i n  timber production occurs  with 
the  removal of t h e  n a t i o n a l  I1arks as cons t r a in t s .  This  i s  p a r t l y  
because t h e i r  a r ea  i s  g r e a t e r  t h a n  t h e  AONB o r  the  ex te rna l  Common Lands 
and p a r t l y  because they con ta in  l a r g e  a r e a s  of land  c l a s s e s  4 and 9 
which t h e  model suggests  a r e  the most s u i t a b l e  f o r  coni ferous  
a f f o r e s t a t i o n  ( see  below). 
2  Some Common Land i s  outs ide  th* Nat ional  Parks o r  AONB (,v 159 km ) 
but most i s  w i th in  ( &  1020 km ). Therefore, removal of the  determinat ion 
t h a t  land  use on t h e  Commons s h a l l  not  change makes l i t t l e  d i f f e r e n c e  t o  
p o t e n t i a l  output  l e v e l s  on i t s  own. If, however, t h e  Common Land 
c o n s t r a i n t  were t h e  only  one i n  operat ion,  then i t s  removal would be 
much more s i g n i f i c a n t .  Table 5..!+(b)jshows t h a t  t h e  p o t e n t i a l  f o r  
t imber production r i s e s  only  19,000 m xhen t h e  Cormon Land c o n s t r a i n t  
i s  removed, but  those  on Yat ional  Parks and AONB a r e  re ta ined .  However, 
i n  t h e  absence of these  Parks t h e  oppor tuni ty  cost ,  i n  terms of t imber 3 product ion of Commons i s  74,000 m . 
Also i n  Table 5.4(b) a r e  t h e  inc reases  i n  the  bes t  achievable va lues  of 
t h e  o t h e r  f ao to r s .  The two Common land  columns a r e  a l r eady  described;  
t h e  g iven  e f f ec t  of the  r e l a x a t i o n  of t h e  d O N B  c o n s t r a i n t  assumes t h e  
continuing exis tence  of t h e  TTational Farks, while t h e  removal of the  
Nat ional  Park c o n s t r a i n t  would remove a l l  r e s t r i c t i o n  on land use i n  t h e  
county. 
Each of t h e  poss ib le  changes given would not,  of course, occur i n  
i s o l a t i o n .  As v i t h  t h e  r i s e c  i n  timber production i n  Table 5.4(a)  
t h e r e  vrould he increased  energy and labour  requirements and changes i n  
o the r  f a c t o r s  a l s o .  Using a l l  t hese  changss an+. t h e  economic va lues  
est imated i n  Appendix 5 it i s  poss ib l e  t o  susgest  oppor tuni ty  c o s t  
f i g u r e s  f o r  i h e  Pmks  and t h e  Commons, o r  any  o the r  def ined  land use 
r e s t r i c t i o n .  
The s i t u a t i o n  c l o s e s t  t o  present  planning r e a l i t i e s  i s  probably t h a t  
which inc ludes  t h e  land use  c o n s t r a i n t s  imposed by t h e  Common Lands, t h e  
AONB, and t h e  N z t i o m l  . a r k s  (parks and Commons). With output  l e v e l s  
held t o  t h e  present  l e v e l  t h e  p o s s i b i l i t y  of inprovement by s ing le  
ob jec t ive  was given i n  Table 5.2. 
It i s  not  easy  t o  summarise -the land  use p a t t e r n s  which produce these  
improved. outputs  s ince  they  a r e  very v<ariable accordinx t t  ob jec t ive .  
Timber and meat a r e  perhaps the  two i tems which Cumbria i s  n o s t  looked 
towards f o r  increased  production. 
The land  use p a t t e r n s  which produce t h e  poss ib l e  4% i nc rease  i n  timber 
production and 3l i nc rease  i n  meat >reduction s - e  given i n  Table 5.5(a)  
and (b) .  These a r e  obvious s i m i l a r i t i e s .  Cer ts in  land c l a s s e s  a r e  
c l e a r l y  preferred f o r  c e r t a i n  uses.  Dairy c a t t l e  appear b e s t  i n  land 
c l a s s e s  1, 2, 5 and 8, beef c a t t l e  i n  3, 4 and 8. Sheep a r e  s u i t a b l e  
t o  c l a s s e s  2 and 6, and c l a s s e s  11 and 12 with  :;asture improvement. 
The only  a v a i l a b l e  h i l l  l and  i s  i n  c l a s s  1 3  and deciduous woodland/ 
scrubland i s  p re fe r r ed  here. Coniferous a f f o r e s t a t i o n  i s  b e s t  begun 
i n  c l a s s e s  9, 11 and 8, and 2 or  4 depending on objec t ives .  
Major v a r i a t i o n s  from t h i s  p a t t e r n  occur only  when t h e  ob jec t ive  i s  
r e c r e a t i o n a l  p o t e n t i a l  or  energy conservation. The former oase r e q u i r e s  
l a r g e  a r e a s  of dociduous woodland i n  c l a s s e s  4 and 11 while the  l a t t e r  
p r e f e r s  beef t o  sheep i n  upland c lasses .  To maximise ecologica l  value 
the  ,sodel g ives  a  so lu t ion  which inc ludes  t h e  use bf c l a s s  6 f o r  
deciduous moodlands. 
I n  t h e  case where no land use i s  f i x e d  pr,ior t o  opt imisa t ion  the  uses 
which a r e  recommended under a t  l e a s t  one o b j e c t i v e  f o r  each c l a s s  a re : -  
Class I :  Beef c a t t l e ,  d a i r y  c a t t l e  and sheep 
Class 2 :  Coniferous f o r e s t ,  declduous ~ioods, d a i r y  c a t t l e  and sheep 
Class 3: Beef c a t t l e ,  d a i r y  c a t t l e  and sheep 
Class 4: Coniferous, deciduous, beef, da i ry ,  sheep 
Class 5: Beef c a t t l e ,  d a i r y  c a t t l e  
Class 6: Deciduous woods, beef, da i ry ,  sheep and crops 
Class 8: Conifers, beef, da i ry ,  sheep 
Class 9: Conifers,  broadleaves, sheep ( inc l .  improved pas ture)  
Class 10: Broadleaves, beef, sheep ( i n c l .  improved pas ture)  
Class I1 : Broadleaves, sheep ( inc l .  improved pas tu re )  
Class 12 : Conifers,  broadleaves, (da i ry ) ,  improved pas ture  sheep 
Class 13: Broadleaves, beef 
Class 14: T i lde rness ,  beef, sheep 
Class 15 : Broadleaves, beef 
Class 1 6 :  Ti lderness ,  beef, sheep 
Perhaps the  most su rp r i s ing  absence from t h i s  l i s t  i s  t h a t  of sheep 
from c l a s s e s  1 3  and 15  since t h i s  would be the  predominant use in these  
c l a s s e s  a t  present .  Beef only  appears the  prefer red  use in these  
c l a s s e s  when t h e  ob jec t ive  i s  a reduct ion  of energy consunption. 
Otherwise, broadleavd woodland i s  preferred even though o u t p t s  a r e  
very small (equivalent  t o   yield c l a s s e s  of 1 .0 and 1.5). This appears 
t o  be l a r g e l y  t h e r e s u l t  of the  r o c r e s t i o n a l  and e c o l o g i c a l v s l u e  of t h e  
land use. By con t ra s t ,  sheep graz ing  h a s  a h igher  r e c r e a t i o n a l  value 
than unmanaged land i n  c l a s s e s  1 l . h  and 16 and i s  prefer red  under most 
object ives.  
5.2.2 MANAGEhfENT OPTIONS 
The so lu t ions  discussed so f a r  have been based on t h e  c o e f f i c i e n t s  
derived i n  Section. I+, which r e f l e c t  cu r ren t  management po l i c i e s .  
The model may a l s o  be used t o  explore e l t e r n a t i v e  management s t r a t e g i e s  
which mey be b e t t e r  su i t ed  t o  the  achievement of some object ives.  
It i s  conceivable t h a t  fo res t ed  land (coniferous)  could be managed i n  
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such a  viay t h a t  a l though timber production f e l l  by 2%: per  km , t h e  
r e c r e a t i o n a l  p o t e n t i a l  of t h e  land  would increa,se by 3% and t h e  
ecologica l  value by 50%. The f a l l  i n  t imber production would mean a  
drop of 2C$ i n  energy requirement and 15% i n  labour  (neglec t ing  any 
employment flowing from t h e  increased  r e c r e a t i o n a l  p o t e n t i a l ) .  These 
f i g u r e s  a r e  appl ied  t o  coniferous f o r e s t r y  c o e f f i c i e n t s  i n  land c l a s s e s  
1-12. 
Retaining t h e  land use r e s t r i c t i o n s  imposed by the  Parks and Commons 
and optimising f o r  timber roduct ion  g ives  t h e  f i g u r e s  of Table 5.6(a). 3 .  . The l a r g e  drop of 62,000 m i n  t ~ m b e r  production i s  accompanied by only 
small r i s e s  i n  r e c r e a t i o n a l  p o t e n t i a l  and eco log ica l  value. Xhen t h e  
land use r e s t r i c t i o n s  a r e  removed, however, t h e  s i t u a t i o n  changes and 
under t h e  c o n s t r a i n t s  t h e  p o t e n t i a l  timbei- production i s  h igher  under 
t h e  nev;, low i n t e n s i t y  management system. ?he higher  r e c r e a t i o n a l  and 
ecologice l  value of the  coniferous f o r e s t s  l o n e r s  t h e  a rea  of deciduous 
woodland necesszry  t o  preserve t h e s e  q u a l i t i e s  and a l l o r s  t h e  increased  
timber production t o  come from softwoods i n  c l a s s e s  13 and 15. When 
t h e  land  use r e s t r i c t i o n s  a r e  appl ied  these  c l a s s e s  a r e  not a v a i l a b l e  
• f o r  a f f o r e s t a t i o n  and so t h e  increase  i n  timber production does not 
occur. 
The neiv management po l i cy  r r i l l  a l s o  hove a n  e f f e c t  on t h e  output  p o t e n t i a l  
of a l l o t h @ r f a . c t o r s .  The f i g u r e s  f o r  meat production a s  t h e  ob jec t ive  
i n  Table 5.6(b) show t h a t  i n  t h e  r e s t r i c t ed .  land use  s i t u a t i o n  t h e  small 
d rop  i n  p o t e n t i a l  meat production i s  countere,' by a  ga in  i n  milk 
production and a drop i n  energy consumption i n  a d d i t i o n  t o  t h e  
r e c r e a t i o n a l  and ecologica l  gains.  
Clear ly  such signi i ' icant  depar tures  f r o m  cu r ren t  f o r e s t r y  p r a c t i c e  
cannot be dismissed a s  'uneconomic' s ince t h e r e  a r e  circums-csnces i n  
which they can produce s i g n i f i c a n t  kz ins  i n  terms of s a t i s f a c t i o n  of t h e  
f u l l  range of county ob jec t ives ,  
With a  g r e a t e r  u s e .  of f e r t i l i s e r  and machinery, mo:e of t h e  lowlands 
could roa crops f o r  stockfeed. PA 4@: inc rease  i n  energy a p p l i c a t i o n  : per l&. n l g h t  produce 8, 2 q L  ga in  i n  livestock product ivi ty.  Hovrever, 
t h e r e w o u l d  be a  drop i n  eco log ica l  va1u.e of perhaps 3%. 
'ifhen these  Figures a r e  appl ied  i n  t h e  r e s t r i c t e d  l and  use (Parks an5 
commons) s i t u a t i o n ,  i t  i s  not  poss ib l e  t o  achieve p resen t  l e v e l s  of a l l  
f a c t o r s .  The l e r g e  a r e a  n e c e s s a r i l y  given t o  l i v e s t o c k  and t h e  drop 
I n  eco log ica l  value of t!?st land rnakes aaintenance of  t h e  o v e r a l l  
ecologica l  value impossible. 
However, when land use 5.s unres-tric-bed e l l  c o n s t r a i n t s  can be met but 
a t  high energy cos t  a s  inZicated i n  the  pay-off t a b l e  (Table 5.7). 
Under many ob jec t ives  the  naintenance of r u r a l  emplo,pent h a s  now become 
a n  a c t i v e  cons t r a in t  (whereas i n  o the r  pay-off t a b l e s ,  labour  
requirement was g e n e r a l l y  i n  surp lus)  and p o t e n t i a l  o u t p l t  l e v e l s  a r e  
being reduced by t h e  need t o  maintain t h e  labour  input .  
This  r e s u l t  suggests  t h a t  i n c r e a s e s  i n  l g r i c u l t u r a l  p roduc t iv i ty  a r e  not  
a l w y s  b e n e f i c i a l  and must be considered i n  context .  The pol icy  of t h e  
Lake D i s t r i c t  Specia l  Planning Board of r e t a i n i n g  small a g r i c u l t u r a l  
holdings de r ives  from s i m i l a r  cons idera t ion .  
5.3. I  DUAI. VARIABLES 
A s  indicated. i n  Sect ion 3 t h e  dual  v a r i a b l e s  ( t h e  dec i s ion  v a r i a b l e s  of 
t h e  duo1 LP Froblem) i n d i c a t e  the  t rade-of fs  between o b j e c t i v e s  and 
cons t ra in ts .  Thus, f o r  example, i n  t h e  case of maximisation cf timber 
production n i t h  present  management and land  use f i x e d  i n  t h e  I ia t ional  
Parks, AONB and Commons, a  change of one u n i t  (1 tonne) i n  t h e  cons t r a in  f 
on meat production w i l l  change the  p o t e n t i a l  t imber production by 49.8 m . 
A r e l a x a t i o n  of t h e  c o n s t r a i n t  on r e c r e a t i o n a l  p g t e n t i a l  of one u n i t  w i l l  
'ellom timber production t o  be increased  by 2.2 m . 
These f i g u r e s  apply i n  f a c t  on ly  t o  t h e  f i rs t  movcment i n  t h e  cons t r a in t .  
They a r e  t h e  p a r t i a l  d e r i v a t i v e  ( y/ S. ) and so do not  n e c e s s a r i l y  
apply  t o  a  change of a  whole u n i t  i n  t h e  cons t ra in ing  value and 
c e r t a i n l y  not  t o  thc  .chai.gL:s ;,.eater th-2: t15is. 
Then meaq i s  the  objective trede-off t o  t h e  imber c o n s t r a i n t  i s  0.018 -, 
t o m e s  m 3-and f o r  r e c r e a t i o n  0.070 u n i t s  m-' o r  5.0 u n i t s  tonne (meat) . 
It i s  c l e a r  t:wn t h s i  t r ade -o f f s  a r e  not i n t e r n a l l y  cons i s t an t  but 
v a y  with t h e  p r t i c u l a r  s i t u a t i o n  being considered. Thus it i s  not 
poss ib le  t o  say t h a t  i n  county land  use t h e  choice i s  between 1 tonne of 
meat and 50 tcnnes  of timber, o r  1 tonne of meat and 5 u n i t s  of 
r e c r e a t i o n ,  because under d i f f e r e n t  o b j e c t i v e s  t h e  choices mill be 
d i f f e r e n t .  
These ~ . % l l  a l s o  change a s  land  use opt ions  change. qhen  t h e r e  i s  no 
r e s t r i c t i c n  on l a n  use di t r i b u t i o n  the  r e l a t i o n s h i p  between timber 3 -7 and meet i s  68.4 m tonne under t h e  timber objec t ive ,  and 0.013 
tonne r n - j  under t h e  meat o b j e c y v c :  -,,With r e c r e a t i o m l  y t e n t i a l  t h e  
changes a r e  even g rea t e r ,  11 m u n l t  and 0.032 u n i t  m- i n  t h e  open 
l and  use  s i tua t ion .  
Since t h e  t o t a l  a v a i l a b l e  a r e a  i n  eech l and  c l a s s  i s  a l s o  cons t ra ined  
each c l a s s  has an a s soc ia t ed  dual  var iab le .  Therefore if some land  
musl be converted from r u r a l  t o  urban t h e  dual  v a r i a b l e s  a r e  a n  
i n 8 i c a t c r  of l o s t  prcduct ion po ten t i a l .  
If t h e  ob jec t ive  i 3  food energy production then  t h e  l o s s  of production 
f o r  a  l o s s  of 1  k!;~ of land from t h e  land classes i s  as given i n  
Table 5.8. 
It may seem su rp r i s ing  t h a t  even though t h e  a c t u a l  food eyergy 
production c a p a b i l i t y  of 1an.i c l a s s  16 i s  on ly  0.02TJ lun; the  l o s s  i n  
county prcduct ion p o t e n t i a l  should be more than 3 TJ lun- . This 
a r i s e s  because o$ t h e  r e d i s t r i b u t i o n  of l and  use under opt imisat ion.  
i n  a d d i t i o n a l  km of c l a s s  16 land  has  h igher  eco log ica l  and 
r e c r e a t i o n a l  v s luc  than loxland crop  land,  so any r educ t ion  of a rea  i n  
t h e  c l a z s  i s  e f f e c t i v e l y  a t igh ten ing  of c o n s t r a i n t s  on thcse  f ac to r s .  
Conbequently lowland o r c p ~ i n g  must be reduced i f  t h e  c o n s t r a i n t s  a r e  
s t i l l  t o  be met. 
The r e l a t i o n s h i p s  between c o n s t r a i n i s  and o b j e c t i v e s  can be explored 
f u r t h e r  throug'. pnrametric v f i r i a t i o n  of the  cons t ra in ing  values. 
If r e c r e a t i o n a l  p o t e n t i a l  has  been maximised under present  management 
and without land use r e s t r i c t i o n ,  what happens t o  t h a t  achievable 
~aximum a s  increas ing  amounts of t imber a r e  demanded? The trade-off 
a t  t h e  i n i t i a l  maximisation i s  given by t h e  c o r r e s p o n d i ~ g  dual  va r i ab le  
but  t h i s  chnnges as the  q u a n t i t y  of timber inc reases  a s  shown i n  Fig. 
5.1. Recreat ional  p o t e n t i a l  drops more quick1.y per u n i t  of timber as 
more i s  demanded. It appears  however, t o  be very s tead  over a  v ide  
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range of t i ~ b e r  production l e v e l s  a t  about0.094 u n i t e  m . If wi th in  
t h i s  range timber i s  valued a t  £7 m-3 t h e  impl iea  oppor tuni ty  cos t  of 
recres.-tional p o t e n t i a l  if £75 per u n i t .  If r e c r e a t i o n a l  p o t e n t i a l  i s  
valued a t  l e s s  than  t h i s  ( inc luding  r e t u r n s  from tourism e t c ) ,  t hen  
more a f f o r e s t a t i o n  i s  j u s t i f i e d .  If t h e  value i s  r a t e d  h igher  than  
such p lent ing  i s  not  s o c i a l l y  worthwhile. ( ~ h i s , o f  course, i s  a very 
. s k p l i f i e d  z n a l y s i s  vrhich neg lec t s  m u l t i p l i e r s ,  discount  r a t e s  e t c .  a s  
complicating f a c t o r s ) .  
I n  a  s i m i l a r  vray comparison i n  opportuni ty can be der ived  f o r  a  p a i r  
of monetary i n t a n g i b l e s  l i k e  recrec?t ional  p o t e n t i a l  and ecologica l  value 
( ~ i g .  5.2) o r  t~.:o more e a s i l y  c o m ~ m b l e  f a c t o r s  l i k e  food energy and 
energy inpu t  ( ~ i g .  5.3). 
TVJO ( o r  more) cons t ra i r i i s  could be varicZ simultaneously t o  give a  
t h r e e  ( o r  more) dimensional t-ade-off surface. 
Avai lab le  a r e a  may a l s o  be var ied  parametr ica l ly  and product ion l o s s e s  
from l and  l o s s  i n  d i f f e r e n t  c l a s s e s  compared ( ~ " i ~ .  5.4). 
5.4 KUI TIPLE-OPJCCTIVC OR GOAL PROGX~.J,DVING 
I n  most dec i s ion  situa-Lions t h e r e  i s  not one ob jec t ive  o r  f a c t o r  t o  
maximise o r  minimise, but e 5roup of f?,ctors of r e l a t i v e  importance 
'ihich the  decision-maker v:ishes t o  promote. A so lu t ion  i s  sought 
which equa l i se s  t h e  decision-makers' s a t i s f a c t i o n  with progress  towards 
each objec t ive .  
Set-ting minimum o u - t p t  -uslues f o r  f a c t o r s  o t h e r  than t h e  ob jec t ive  i s  
a n  at tempt t o  provide a  so lu t ion  which r e f l e c t s  n u l t i p c  objec t ives .  
So f a r  these  c o n s t r L i n t s  have been s e t  on t h e  b a s i s  of- ?resent  
production r a t h e r  than  with reference t o  t h e  possible .  The l a t t e r  may 
be a  b e t t e r  guide t o  t h e  decision-rcalcer s e t t i n g  h i s  goals .  
I n  sonle decision-making s i t u a t i o n s  3. s e t  of o b j e c t i v e s  may be combined 
i n t o  one by assignment of a common u n i t  of measurement. . This  v r i l l  
f r equen t ly  be 3. monetary u n i t  and t h e  c b j e c t i v s  to  maximise p r o f i t .  
k value i n  £ per u n i t  can be assigned t o  each of the  f a c t o r s  used a s  
o b j e c t i v e s  i n  t h i s  exerc ise .  These va lues  cen be formed i n t o  a  
neigh-ti.ng system (Appendix 2) .  This ~ieig!lting s e t  i s  dominatad by food 
energy production e s  t h e  most 'economic' l and  use product and so 
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optimisz.iion f o r  tkic mul t ip l e  ob jec t ive  a s  defined by t h i s  s e t  g ives  t h e  
s,-.me r e s u l t s  :&s maximisation of food energy production. This would be 
a  F a i r  r c f l e c t i c n  of optimum land. use  f o r  economic r e t u r n  i f  t h e  
a d d i t i o n a l  food energ:r ~ r o d u c e d  could 211 be so l8  a t  the p r i ce  used t o  
define the  :-zeighting. V e r i f i c a t i o n  of t h i s  assumption rrould r equ i re  
ktudy of demand f o r  the  crop and d a i r y  produce rh ich  make up t h e  bulk 
of t h e  co;untyts : food energy product. 
Another approach t o  d e f i n i t i o n  of' a  w e i g h t i ~  s e t  i s  described by N i j h m p  
and Rietveld (1976). If no c o n s t r a i n t s  oc output  l e v e l s  a r e  s e t  
i n i t i a l l y  then t h e  s e t  of ' e f f i c i e n t '  so lu t ions  i s  that which~maximises 
each ob jec t ive  i n  turn .  The output  l e v e l s  of caoh f a c t o r  under the  
maximisations can be used t o  de f ine  a weighting s e t  based on t h e  
i m p l i c i t  trade-ofi's between objc-ctives.  These weights then de f ine  a 
;rmlti-01;jective f u n c t i o n  ~ h i c h  can be optimised and t h e  r e s u l t  
p-esented t o  t h e  decision-maker. On t h e  b a s i s  of t h e  output  l e v e l s  i n  
t h i s  f i rs t  s o l u t i o n  t h e  decision-maker may mish t o  impose some minimum 
achievement l e v e l s  on the  ob jec t ives  ( i . e .  some c o n s t r a i n t s ) .  A new 
~ y - o f f  t a b l e  i s  generated by opt imiontion of indiv idual  objec t ives ,  a  
new weight s e t  i s  ilefklcd and a  new mult i -object ive so lu t ion  generated. 
",%is recu r s ive  Frocess i s  t e r ~ i n a t e i i  when a c e r t a i n  so lu t ion  i s  
accepted a s  s s t i s f z c t o r y  o r  ' i d e a l '  by the  decision-maker. The 
so lu t ion  a l g o r i t l m  r e s t s  on a conti".uous iml-erplay between expe r t s  and 
decision-makers". 5zble 5.9 i l l u s t r a t e s  t h i n  process.  
The process mag !,e begun wit11 des i r ed  l e v e l s  of achievement r a t h e r  than 
acceptable  miairwas. I n  t i l i s  case it i s  g e n e ~ a l l y  rcferreci t o  a s  goal  
programing.  o b j c c t i v s  becoacs c. minimisz.tion of sca led  dev ia t ions  
from t h e  goals .  The .dic,:onel elem>?nls of t h e  o r i g i n a l  pay-off t a b l e  
may be chosen a s  ihe  i n i t i a l  s o d s  (as  suggestcd by Eenayoun e t  a 1  (1971))  
if the  deci-sion-maker i s  unsure of r e a l i s - t i c  des i r ed  l e v e l s .  
The term progi^arnmiiip; i s  being use;: i n  f a c t  f o r  any varia- t ion of l i n e a r  
programing i n  ??kici-: the  ' s ing le  ob jec t ive  t o  bs z ~ x i m i s e d  o r  minimi s9d 
r e a l l y  i s  compose?. 07 scverr!. ;oals'!. $ notable example (Dane e t  a 1  
1977) i s  i t s  use i n  plmniing somt 6i10 !rm of t h e  i;:ount Hood 1:ational 
Fores t  i n  Oregon. T!p t o  : 2  uses  could be appl ied  i n  ecoh of 234 
sepa ra t e ly  defined pa rce l s  of l ~ ~ n d .  Goal3 re1,;ted t o  sedimentcttion, 
n a t c r  consumption, sevrnge outflow, t r a f f i c  l e v e l s  e t c . ,  r e s u l t i n g  f r o m  
growing popu1;tion i n  the z rea .  
It i s  clerir t h a t  t h e  model i s  capable of producirlg many f i g u r e s  
r e l evan t  t o  Cumbrian lnnZ us€. I-Ioviev~r, not  a l l  of t hese  w i l l  be ( i )  
r e l i a b l e ,  ( i i )  of' a.ny i . n t e re s t  t o  decision-makers now, and ( i i i )  
comprehensible. 
R e l i e b i l i t y  i s  d i x u s s e d  a t  length  i n  t h e  follob7ing chapter ;  but 
f u r t h e r  exs lo rc t ion  of conbinat ions of  cons t r a in t s ,  of v a r i a t i o n  of 
management schemes, of t rade-offs  between o b j e c t i v e s  o r  of weighting 
s e t s  v~ould be e ~ l d l e s s  u n l e s s  i n  resgonse t o  s p e c i f i c  i s s u e s  o r  ques t ions  
posed. by an i n t e r e s t e d  wr ty .  
The problem of r e s u l t  p re sen ta t ion  i s  a binding onc:. S impl i f i ca t ion  
of r e s u l t s  t o  a l l o a  ready apprec ia t ion  of major po in t s  may cause 
mis in t e rp re t a t ion .  F u l l  p re sen ta t ion  may be so complex t h a t  no 
wnc lus ions  a r e  recognised by t h c  decision-maker. To some ex ten t  t h i s  
c o n f l i c t  may be eased by the  use of diagrams (Fig. 5.5) and maps (Big. 
5.6), hut again  t h e r e  a r e  dangers i n  i n t e r p r e t a t i o n .  
The bes t  so lu t ion  appecrs t o  be a  complete understanding of the  model 
and i t s  output by the decision-maker. F a i l i n c  this ,coni;act  between 
decision-maker and modeller must be f requent  vrhenever r e s u l t s  a r e  
being used f o r  planning. The cofis iderat ions of t h e  next  chapter  
r e i n f o r c e  t h i s  view. 
Table 5.1 Input  and output l e v e l s  f o r  present  land use d i s t r i b u t i o n  
(3) whole county 
Fac tor  Model es t imate  Other es t imates  
3 Timber production (m ) 
Meat production ( tonnes)  
Food energy production (TJ) 
Recrea t ional  p o t e n t i a l  
Energy consum~t ion  (TJ) 
Ecological  value 
* 
Labour requirement (man-gear) 
hillk production ( tonnes)  
Wool production ( tonnes)  
*based on 250 ShD pzr mn-year  
1 J. D.  Cowie, E,fAFF. pers.  comrn. 
2 1 1 ~ o t a l  farmers and workers" hWFF (census 1974) 
3 & l c ~ l a t e d  on bzs i s  of t o t a l  sheep and lamb populat ion of 1.53 mi l l i on  




Recreat ional  







N s t .  Parks Nat. Parks Parks & Commons Comrrons 
& AONB 
43 44 44 0 
26, 32 34 7 
20 22 23 2 
Table 5.2 Pay-off t a b l e  with r e s t r i c t e d  land use opt ions  (parks  and 
Commons) (output  percentage change from "present2'  l e v e l s  
i n  Table 5.1 ) 
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Table 5.3 Fay-off t ab le  with no land  use r e s t r i c t i o n s  
(output  percentage change from "present"  l e v e l s  i n  Table 5.1) 
Timber Meat Food Recr. Energy Ecology Labour Milk Qcol  
Object ives 
Timber + I  34 - - - + h  -i. 7 + 9  + I 3  - 
Meat - +d -- + 7 + 5 + 7  +I1 - - 
Food energy - +49 - +I 3 + 5 +25 +58 - 
Recrea t ional  
p o t e n t i a l  - - - +I 1 + 1 + 8 + !I + I 3  - 
Energy - 
consumption - - - - -- 3 -I- 3 - - 
Ecological  
value - - - + 5 + 2 +I 2 + 4  + I 3  - 
Labour 
requirement - - +45 - + I  3 + 5 +21, +54 -- 
Milk - +3 +34 - + I  3 + 5 + I 9  +64 - 
wool - - - + 2 + 5 + 5 + I 2  +56 - 
Table 5.4 Effect of removal of r e s t r i c t i ons  on l ad -use  
( a )  a l l  factor ,  timber objective 
Timber (I  000m3) 47 3 492 590 774 332 
Meat (1000 tomes )  81.7 81 .7 81.17 81 -7 81 -7 
Food energy (TJ) 3490 3490 3490 3490 3490 
Milk (1 000 tomes)  923 923 926 951 840 
Xaol (I  000 tomes )  2.68 2.68 2.68 2.68 2.68 
Energy (TJ) 10600 10600 $0600 10600 10600 
Labour (,man-year ) 14800 14900 15300 15800 14500 
ASSOCLPiTED FACTORS 
Recreational 
potential  ( x . 0 ~ 1 )  342 342 342 342 342 
Zcological 
value (X0.001 ) 288 288 2 89 294 288 
1 Optimised with land used fixod i n  National Parks AONB and Common Land 
2 Optinised withland used fixed i n  National Parks and AONB 
3 Optimised with land used fixed i n  National Parks 
4 Optimised with land used fixed nowhere 
5 Output with  present land use d i s t r ibu t ion  
Table 5.4 ( b )  each ob jec t ive  f u n c t i o n  
A l l  Common Com~lons 
Land ou t s ide  AONB 
OUTPUTS 
3 Timber (1 000 m ) 74 1 9  98 
Meat (I000 tonne) 2.2 0.2 0.2 
Food energy (TJ) 270 70 190 
Milk (1 000 tonne)  1 5  9 45 
Wool (1000 tonne)  .24 0.05 0.21 
INPUTS 
0 
Energy (TJ) 23 5 20 
- Labour ( r n a r , ~ ~ e a r )  582 I20  570 
ASSOCIATED FACTORS 
Recrea t iona l  
p o t e n t i a l  (X0.001) 6.8 0.4 5.9 
Ecologica l  
va lue  ( ~ 0 . 0 0 1 )  
*Poss ib le  savings 
Nat. Parks  
Table 5.5 Dis t r ibu t ion  of land use outs ide  parks and commons giving 
(a) maximum timber production 
Land c l a s s  Use 
Sof h o o d s  Hardwoods Beef Dairy Improved sheep Sheep 
(b)  maximum meat production 
Improved sheep Sheep 
Land c l a s s  Use 
Softwoods Hardwoods Beef Dairy 
Tabls 5.6 I m p ~ c t  on ob jec t ives  of lorn i n t e n s i t y  f o r e s t r y  under 
( a )  maximisetion .of timber production 
Land use r e s t r i c t e d  Land use f r e e  
Management Present  New Present  New 
Timber (1000m3) 47 3 41 1 774 781 
Recrea t ional  
p o t e n t i a l  342 35 0 342 342 
Ecological  value 268 292 294 296 
Labour (man-year) 14850 14790 15830 1581C 
(b )  maximisation of n e a t  production 
Lan8 use r e s t r i c t e d  Land use f r e e  
Btanagement Present  New Present  N en 
Mect (1000 tonne) 84.4 83.6 88.1 88.1 
Iviilk (I 000 tonne) 94 1 91 6 931 920 
Recreat ional  
p o t e n t i a l  342 347 342 342 
Ecologicsl  value 288 292 302 304 
Energy consump- 
t io i l  ( T J )  10760 I 0630 1 1 340 11 320 
Labour (rnan-yxr) I ~ 8 6 0  14770 15580 15520 
!Cable 5.7 Fay-off t a b l e  f o r  high i n t e n s i t y  s tock  managemeni and no 
l a n d  use  r e s t r i c t i o n s  
Output (percentage change from "present"  l e v e l s  i n  Table 5.1 ) 4 
Timber Meat Food Recr. Energy Ecol. Lab. 11. '8- 
Object ive 
Timber +I 21 - + 2  +21 +24 - - +16 - 8 










Land c l a s s  
Dual. v a r i a b l e s  r e l a t i n g  food energy production t o  land 
c l a s s  a r e a  
Loss of food energy production p o t e n t i a l  f o r  
each l o s t  u n i t  of land  (TJ 
































Table 5.9 The approach t o  mul t i -objec t ive  i n t e r a c t i v e  dec is ion-  
making of Xij.kaap and 3 i e t v s l d  (1976) 
The decision-maker ( i )  accep t s  land  u s e  r e s t r i c t i o n s  of Parks and Commons; 
( i i )  dec ides  timber production and food energy p-oduction a r e  p r i o r i t y  
end s e t s  c o n s t r a i n t s  a t  4@ above ' p re sen t '  values;  ( i i i )  i s  aware 
t h c t  t h e r e  must be some l o s s  of production of o the r  f a c t o r s  and s e t s  
cor i s t ra in ts  f o r  meat, milk and. wool a t  75$, 853 and 9% of ' p re sen t '  
l e v e l s :  2nd ( i v )  decides t o  keep r e c r e a t i o n a l  p o t e n t i a l  and ecolo&ica l  
va lues  t o  present  l e v e l s .  
A pay-off t a b l e  i s  generated and from i t  a  s e t  of weightings vrhich 
produce t h e  so lu t ion  i n  column 2 of t h e  t a b l e .  The decision-maker 
dec ides  t h a t  meat and vrcol c o n s t r a i n t s  can be r a i s e d  (column 3 )  a s  
t h e r e  i s  excess r e c r e a t i o n a l  p o t e n t i a l  and ecologica l  value and energy 
consumption i s  lor:. The new pay-off t a b l e  an,: weightings give a 
r ev i sed  so lu t ion  (column 4).  Now t h e  decisj-on-maker f e e l s  t h a t  perhaps 
wool ~ r o d u c t i o n  i s  s i g n i f i c a n t  a f t &  a l l ,  but t h a t  s ince  the  W r k s  a r e  
not  t o ; b e  changed, t.cologica1 va lues  i n  t h e  r e s t  of t h e  county can be 
allowed t o  drop a  l i t t l e .  He a l s o  decides t h a t  r u r a l  employment must 
be kept  a t  a high l e v e l  (colmn 5). 
The Troeess genera tes  a so lu t ion  with which t h c  decision-maker i s  now 
~ a t i s f i e d  (column 6) .  
1 2 3 4 5 6  
Or ig ina l  F i r s t  Changes t o  Second Changes t o  F i n a l  
c o n s t r a i n t s  so lu t ion  c o n s t r a i n t s  so lu t ion  c o n s t r a i n t s  so lu t ion  










Table 5.9 ( ~ o n t )  
The land use d i s t r i b u t i o n  outs ide  t h e  Parks and Commons which g ives  
t h i s  r e s u l t  is:- 
Land c l a s s  use (h2) 
Softwood Hardwood Beef Dairy Crops/ Sheep 
improved 
sheep 
4 - - 567 - - 
12 - - - 260 31 3 
- - 135 - - 119 
I 63 - 237 - - - 
- - - 553 - - 
- - - - 120 - 
9 - - - 114 - 
80 - - .  - - - 
Fig 5.1 
I- 
400 500 600 700 800 9 00 I 000  1100 
Timber production (1000m3 I 
Trade-off curve for timber production and recreational potential. Land use 
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Pig 5.6 Use of maps i n  r e s u l t  presentation. Dis t r ibut ion of da i ry  
c a t t l e  throughout county under solution of Table 5.9. 
RELIABILITY OF ~ S U i , T S  
k g r e a t  dea l  of s impl i f i ca t ion  by assumption i s  b u i l t  i n t o  t h e  land-use 
model. This necessa r i ly  c a s t s  doubt on t h s  v a l i d i t y  of some o r  a l l  of 
t h e  r e s u l t s .  &ch essumption should be examined individual1.y t o  
determine 
( i )  i t s  v a l i d i t y ,  
( i i )  t h e  degree t o  which any depar ture  from r e a l i t y  m i l l  d i s t o r t  
r e s u l t  s ,  ?.rid 
( i i i )  t h e  chances of proceeding without m~lcing t h e  simplifving 
assumption. 
L i n e a r i t z  
The assumption of l i n e a r i t y  i s  t he  most sweeping one i n  any use of l i n e a r  
programming. I n  the  case  of t h e  Cumbria model i t  i s  simply a 
presumpticn aga ins t  economi~s  of sca le  and i n t e r a c t i o n  between uses. 
That is ,  f o r  example, 20 km of coniferous f o r e s t  i n  on2 land c l a s s  w i l l  
need 20 t imes the  inpu t s  of labour and energy t h a t  1 km requ i re s ;  t h e  
l e r g e r  e.?ea w i l l  produce j u s t  20 t imes t h e  q u a n t i t y  of t imber 2nd have 
20 t imes  t h e  r e c r e a t i o n a l  p o t e n t i a l  and ecologica l  value of the  s i n g l e  
square ki lometreZ There e r e  c l e a r l y  some d e p r t u r e s  from f a c t  here 
a l t h c u ~ h  a s  1 km i s  t h e  smal les t  u n i t  being considered these  should 
not be serious.  One mould expect t h a t  t b e r e  might be some s a v i n t s  i n  
energy and labour f o r  harves t ing  if 20 1.m of f o r e s t  were continuous 
r a t h e r  khan sca t t e red .  I n  these  circumstances horevt r ,  t h e  
r e c r e a t i o n a l  value may be lower a s  sca t t e red  nioods should provide reedy 
access  t o  a  g r e a t e r  number of people. Ecologice l ly  the  s i t u a t i o n  i s  
l e s s  c lear .  Green (1977) w r i t e s :  ' I n  general ,  t he  smaller an  a r e a  and 
the  g r e a t e r  i t s  i s o l a t i o n  from s imi la r  a reas ,  t he  f e v e r  species  i t  -ni l1 
sus ta in .  Also, mimy species,  p a r t i c u l a r l y  predators ,  r equ i re  very  
l a r g e  t e r r i t o r i e s  t o  s a t i s f y  t h e i r  food requirements ' .  A t  t h i  seme 
time it i s  c e r t a i n l y  d e s i r a b l e  t o  s u ~ t a i n  a vide  v a r i e t y  of h a b i t a t  by 
rnaintaiaing each broad vegeta t ion  type i n  d i f f e r e n t  physical  
environments o r  land c lasses .  
I n  a g r i c u l t u r e  t h e r e  would c l e a r l y  be ecologica l  advantages i n  mixed 
uses  a s  d i s t i n c t  from v a s t  a r e a s  of, p a r t i c u l a r l y ,  crops. Froximity 
t o  markets and processing i-orks w i l l  have a g r e a t e r  impact on inpu t s  
than any  cons idera t ions  of sc?.le20nce farms e r e  above a reasonable s i z e  
(e.g. 600 s ~ D ) .  Cer t a in ly  1 km of one use i s  adequate f o r  the  
employment of most modern a g r i c u l t u r a l  technology. 
The ques t ion  of t r anspor t  c o s t  w i l l  be considered bclov an8. so t h e  mejor 
divergence from r e a l i t y  i n  t h e  l i n e a r  assumption i s  i n  the  inpu t s  t o  and 
e c o l o ~ i c s l  value of f o r e s t r y .  The model does not prescr ibe  p a r t i c u l a r  
s i t e s  f o r  land uses  except i n  so f a r  a s  s l a r g e  proport ion of one land 
c l a s s  i n  one use  v s i l l  gene ra l ly  mean l a r g e  continuous a r e a s  of t h a t  use. 
Exceptions a r e  the  ~ i d e l y  d i s t r i b u t e d  land c l a s s e s  such a s  4, 10 and 11. 
Consequently where t h e r e  a r e  l o s s e s  from t o o  g r e a t  an  e x p n s e  of one use  
these  a r e  not recognised by t h e  model. These rill a r i s e  pr imar i ly  i n  
t h e  r e c r e a t i o n a l  p o t e n t i a l  arid ecologica l  value and arguments aga ins t  
t h e  use  of a  l a r g e  p a r t  of one land c lass ,  e.g., coniferous 
f o r e s t  rcust be considered. Where t h e r e  a r e  ga ins  i n  some way from 
extens ive  s ingular  use these  can be considered a s  a bonus and should 
not se r ious ly  d i s t o r t  prefer red  land use patte2ns. 
Since t h e  model i s  based on ca tegor i e s  of l end  r z t h e r  than  s p t i a l l y  
defined a r e a s  there  i s  no c l e a r  remedy f o r  t h e s e d i s t o r t i o n s .  Use of, 
no;-linear func t ions  i s  of no advantage. The bes t  s o l u t i o n s  seem t o  
l i e  i n  cons t ra in ing  c e r t a i n  uses  t o  no more' than ceP ta inpe rcen tages  of 
s e n s i t i v e  land c lasses . '  Thus, i t  might be determined t h a t  no more 
than 2@ of land c l a s s  2 be used f o r  fo res t ry .  
Homoneneitg of l a n d  c l a s s e s  
As mentioned a t  the  beginning of Soct ion 4 t h e  land c l s s s e s  have been 
t r e a t e d  a s  homgeneous. I n  ass igning c o e f f i c i e n t s  i t  has  been made to 
appear. t h a t  a l l  land  i n  c l z s s  1 i s  ag r i cu l . tu ra l ly  i n f e r i o r  t o  a l l  land  
i n  c l a s s  2. The d i s t r i b u t i o n  of a g r i c u l t u r a l  grades   a able 2.4) shows 
t h a t  t h i s  cannot be t rue .  
If an  srec. of land i s  t o  be divided i n  use  between dai ry ing  and shesp 
grazing then popular wisdorc would s e t  t he  b e t t e r  land t o  t h e  cons 2nd 
al low t h e  sheep the  remainder. The cons tant  assignment of dairying t o  
land c l c s s e s  2, 5 and 6 i n  t h e  modelled so lu t ions  confirms t h i s  visdom. 
Clcarly, however, such model so lu t ions  w i l l  be a  d i s t o r t i o n  s ince  the  
b e s t  lynd ava i l ab le  i n  the  lowlands i s  not  a l l  i n  these  c l a s ses .  If 
500 km of lonl.yd land i s  t o  be used f o r  dair.yiiing then t h i s  should be 
the  bes t  500 km (neglec t ing  cropping f o r  the  moment) i r r e s p e c t i v e  of 
l a n d  c l a s s .  This could be determined from maps of a g r i c u l t u r a l  grade. 
S imi lnr ly  some model so lu t ions  recommend coniferous a f f o r e s t a t i o n  i n  the  
bes t  y i e ld ing  land c l a s s  ( c l a s s  2). This  should be considere2 a s  a 
recommenda~ion t o  use  t h e  bes t  y i e ld ing  land whichever land c l a s s  it may 
be in .  Problems a r i s e  here  s ince the  b e s t  a g r i c u l t u r a l  l and  w i l l  i n  
many cases  a l s o  be t h e  nos t  ?reductive land  f o r  f o r e s t r y  and p r i o r i t y  must 
be determined. The model g ives  a r e a s  of land c l a s s e s  f o r  each use and 
t r a n s l a t i o n  of these  i n t o  s p e c i f i c  l and  use p o l i c i e s  w i l l  have t o  be done 
with an  apprec ia t ion  of t h e  reasons f o r  t h e  model r e s u l t s  i f  the 
usefulness  i s  not t o  be l o s t .  
It could be argued t h z t  t h i s  inhomogenbityrondors tho modol usc lcss .  
This  i s  not  so s ince  i n  the  county and indeed i n  each land c l a s s  the re  
i s  l and  which has  ( t o  g o d  app~oximat ion)  t h e  c h a r a c t e r i s t i c s  suggested 
by the  c o e f f i c i e n t  s e t  determined f o r  t h a t  land olass .  This i s  the  
land which should be used i n  the  way given by :Lhe.model and thamodel  
a l s o  g ives  the  land c l a s s  i n  which t o  look f o r  such lznd. 
The c h a r a c t e r i s t i c s  of the  land a r e  c l e a r l y  multidimensional, but the  
w r i a t i o n  wi th in  each l and  c l a s s  might be represented ss  i n  Figure 6.1. 
Yigure 6.2 g ives  a  hypothetioal 'example of t h e  v a r i a t i o n  o f ' a  s i g n i f i c a n t  
c h a r a c t e r i s t i c  wi th in  3 land c l a s ses .  The ex ten t  of over lap  between 
the  Cumbrian land c l a s s e s  i s  c l e a r l y  s i g n i f i c a n t  although reasonably 
wel l  defined breaks occur between lowland (1 -El), upland (9-1 2) and h i l l  
and f e l l  (13-16). ;fhile t h e  modelling should c l e a r l y  be done on a s  
many inr i iv idual ly  defined lznd  c l a s s e s  a s  poss ib le ,  i n t e r p r e t a t i o n  may 
sometine.? be b e s t  confined. t o  these  t h r e e  ca tegor ies .  D i s t r i b u t i o n  of 
land use mithin these  os t egor i e s  could then  be made on t h e  b a s i s  of 
o the r  d i s t ingu i sh ing  f e a t u r e s  always remembering t h e  reasons f o r  t h e  
model r e s u l t  . 
To some degree t h i s  problem would be overcome by incorpora t ion  of these  
a d d i t i o n a l  d i s t ingu i sh ing  f e ~ t u r e s  i n t o  t k e  model. Def in i t i on  of  a 
l a r g e r  number of land c l a s s e s  e i t h e r  by continuing t h e  i n d i c ~ ~ t o r  
a n a l y s i s  ( see  Appendix I )  or  perhaps by l a b e l l i n g  such a s  'Land c l a s s  k 
L.gr icu l tura1  g rade  C '  g iv ing  a  numbor of sub-classes s thin each c l a s s .  
These sub-~1as:;n's vmuld be mort homogeneous ':.si:th r d ' s . p t .  t o  t h e i r  
a g r i c u l t u r a l  p o t e n t i a l  end mould be no l e s s  (and poss ib ly  nore)  
homogencmni th  r e s p e c t  t o  r e c r e a t i o n a l  p o t e n t i a l  and ecologica l  value. 
Chznges i n  a g r i c u l t u r a l  p roduc t iv i ty  i n  t h e  tr;o d ~ c a d e s  p r i o r  t o  1929 
included. ga ins  i n  wheat y i e l d  from 2.4 tonnes ha- t o  3.5 tonnes ha , i n  
average milk y i e l d  per cow from 2.5 tonnes t o  3.8 tonnes, and i n  
o v e r a l l  production of 355. 
Such changes i n  a g r i c u l t u r a l  o r  s i l v i o u l t u r a l  product iv i ty ,  p a r t i c u l a r l y  
if not  uniform between land  c l a s s e s ,  m i l l  s e r ious ly  d i s r u p t  t h e  
conciusions of t h e  model. Some commentators on f u t u r e  land  use i n  
B r i t e i n  (e.g. C.A.S., 1976) assume t h a t  t h i s  ga in  i n  a g r i c u l t u r a l  
p roduc l iv i ty  of 2$ p.a. w i l l  cont inue i n d e f i n i t e l y .  This may be a b e s t  
assumption but  i t  i s  c e r t a i n l y  n o t  a  s a fe  on? Powell (1971) w r i t e s  ... 
'Enormous advances i n  rnechanisation, the  massive a p p l i c e t i o n  
of syn the t i c  f e r t i l i s e r s ,  he rb ic ides  and pes t i c ides ,  and new 
p lan t  v a r i e t i e s  have given B r i t i s h  a g r i c u l t u r e  a  record i n  
p roduc t iv i t :~  second t o  none i n  t h e  world. But t h i s  increases 
e f f i c i e n c y  has  been bought a t  a  high pr ice .  Evitence 
aooumulates t o  f o r c e  home t h e  f a c t  t h a t  t h e  s o i l  on which we 
depend f o r  so much of cur  own food w i l l  not  t o l e r a t e  the 
unremit t ing e x ~ l o i t a t i o n  which h a s  been.-brought about by over- 
i nc reas ing  economic pressures ' .  
B e n  without t h e  prospect of s o i l  dep le t ion  through over-use t h e r e  i s  
t h e  p o s s i b i l i t y  t h a t  p roduc t iv i ty  caul* d e c l i n e  through e i t h e r  ( i )  the 
continuing oonaumption of good lsnc' f o r  urban U ~ P ,  o r  ( i i )  a  r e t u r n  t o  
more labour  i n t e n s i v e  a g r i c u l t u r e  a s  energy c o s t s  r i s e  f a s t e r  than 
labour  c o s t s  and standards of l i v i n g  ( a s  conventional ly measured) 
decl ine.  (This  l a t t e r  might i n  f a c t  provide g?-inq see '!faller (1971)). 
ivhile the  nodel i nc ludes  t h e  p o s s i b i l i t y  of  p roduc t iv i ty  ga ins  from 
pas ture  imgrovement i n  t h e  marginal l ands  of c l a s s e s  9-13 and 15, t h e r e  
i s  no s i m p l e  way t o  inc lude  sweeping but unpredic tab le  changes i n  t h e  
,?enera1 d i r e c t i o n  of a g r i c u l t u r e .  However, by modelling with a wide 
v a r i e t y  of poss ib l e  p roduc t iv i ty  s e t s ,  t h e  p re fe r r ed  land use  p a t t e r n  
under each can be examined. Some conclusions may then be poss ib l e  
concerning t h e  d i s t r i b u t i o n  on laild use  hiohr oh rill provi3e a good 
r e s u l t  f o r  p roduc t iv i ty  s t s u s  quo. S imi l a r  considera-cions w i l l  apply 
t o  changes i n  s o c i a l  va lues  as discussed below. 
Costs of land-use change I 
To change land from one use t o  another  e n t a i l s  c o s t s  i n  labour and 
energy. These may b~ small f o r  e s h i f t  from one lives-cock group t o  
another  but  q u i t e  appreciable i f  removal o r  establishment of f o r e s t  i s  
involved. 
Depending on t h e  means b.y which such changes were ef fec ted ,  t h e  cost  
would a l s o  involve inconvenience o r  d i s rup t ion  t o  those working the  
land ( a  soc ia l  c o s t ) ,  o r  compensation t o  them (an economic cos t ) .  
Neither  of these  types  of cos t  i s  included i n  the  model but both a r e  
s igni f icant .  
I n  f a c t ,  there  i s  u n l i k e l y  t o  be a  $-ecrease i n  the  fo res t ed  a r e a  of the  
county i n  pny foreseeable  fu tu re .  The Fores t ry  Commission i s  planning 
f o r  180 km of new a f f o r e s t a t i o n  i n  t h e  U.K. each year  and p r iva te  
f o r e s t r y  i n t e r e s t s  expect s imi lar  p lant ings  (C.A.S., 1 9 7 6 ) .  Cumbria 
w i l l  be expected t o  take a  f a i r  proport ion (perhaps 5%) of t h i s .  
Cer ta in ly  e x i s t i n g  commercial p l an ta t ions  m i l l  n o t  change use u n t i l  a t  
l e a s t  t h e  end of t h e i r  f i s s t  cycle. Fowever, t h e  a r e a s  involved here 
a r e  q u i t e  small ( 400 kn; ) and t o  cons t r a in  these  t o  t h e i r  e x i s t i n g  use 
v r i l l  no t  g r e a t l y  a f f e c t  the  model r e s u l t s .  Non-commercial deoiduous 
woodland i s  s t i l l  shrinking i n  t h e  county a s  t r e e s  age, and contiguous 
grazing prevents  regenerat ion.  While t h i s  i s  a  problem i n  amenity 
tcrnx it has no se r ious  consequences f o r  t h e  modeller. 
As s t a t e d  a f f o r e s t a t i o n  i s  proceeding over l a r g e  a r e a s  as land i s  
acquired f o r  t h i s  purpose. Should it be decided t h a t  a r e a s  f o r  
afforesta 'c ion be chosen on t h e  b a s i s  of land c l a s s  r a t h e r  than  
a v a i l a b i l i t y  then the  soc ia l  and economic c o s t s  i n  acquir ing the  land 
vrould be j-ncreased. The more p r o f i t a b l e  the  uses a l r eady  being 
undertaken t h e  higher  these  c o s t s  a r e  l i k e l y  t o  be s ince t h e  g r e a t e r  
w i l l  be the  land holders 'avers ion  t o  change. 
The major problem i n  therefore  soc ia l  one and d i f f i c u l t  o r  impossible 
t o  quantify. Even allowing a long time period f o r  t h e  proposed land use 
changes i s  u n l i k c l y  t o  remove t h i s  d i f f i c u l t y .  It would be possible t o  
s e t  l i m i t s  on t h e  a l lo~vab le  degree of changes from e x i s t i n g  lanO use 
pa t t c rns  o r  t o  s e t  absolu te  l i m i t s  on the  a r e a  given t o  p a r t i c u l a r  land 
uses  i n  p a r t i c u l a r  land c l a s ses .  Wl t  t o  do t h i s  a r b i t r a r i l y  without 
cons idera t ion  of the  reasons why the  model has  suggested a content ious 
land use p a t t e r n  vrould be t o  projudge the  i s sues .  It i s  more 
appropr ia te  t c  emine such a so lu t ion  and t h e  c o n s t r a i n t s  o r  ob jec t ives  
~ ~ h i c h  have prod.uced i t  i n  t h e  l i g h t  of s o c i a l  (end p o l i t i c a l )  arguments. 
Then, if necessary, a d d i t i o n a l  c o n s t r a i n t s  may be imposed on t h e  model. 
Trans&ortation c o s t s  
--- ---- " I 
!Phe si-king of an e n t e r p r i s e  m i l l  a f f ec t  i t s  t r anspor t a t ion  requirements. 
The pi-e-existence of mi l l ing  o r  pastw2ising works w i l l .  a f f e c t  t h e  
econmics  of a n  individ-ual ( o r  corpora te)  choice of land use. To a n  
ex ten t  these  f a c i l i t i e s  tend t o  follov: the  uses  but they w i l l  t end  a l s o  
t o  be s i t e d  near  major t r anspor t  rou tes  and population cen t re s  f o r  
economic reasons. 
This imposes l i t t l e  or no problem i n  land c l a s s e s  1, 2, 5, 6  and 8, 
which a r e  never far from such serv ices .  I n  the  o ther  land c lasses ,  
p a r t i c u l a r l y  13, 14, 15 and 16 the re  w i l l  be add i t iona l  labour and 
energy c o s t s  a r i s i n g  from t h e i r  r e l a t i v e  remoteness. These d i f f e rences  
. have not been accounted f o r  i n  the  model. 
I n  order  t o  a s s e s s  the  s igni f icance  of t h i s  omission i t  i s  necessary t o  
make some estima~kes of the  c o s t s  involved. I n  f o r e s t r y ,  most of t he  
mi l l ing  of Cumbrian timber i s  done outs ide  the  county  anst stone and 
Himsmorth, 1976). The t r a n s p o r t  cost  w i l l  i nc rease  with d is tance  from 
major e x i t  points .  For example, i f  the average e x t r a  t r a v e l  d is tance  
from land c l a s s  I 5  i s  10 h. each \ l .~~y then, using the  f i g u r e s  of Ta l e  S 6.1, t he  a d d i t i o n a l  energy requirement would b e  0.02 TJ per  1000 m o r  
$ of the  t o t a l  energy demand. S imi la r ly  t h e  a d d i t i o n a l  labour 
requirement . w i l l  a l s o  be j u s t  27; of t h a t  f o r  o the r  work. Again f o r  
20 km, f i g u r e s  f o r  milk and f o r  stoclc t r a n s p o r t  a r e  very  s imilar .  
Energy requirements per  GLU a r e  only  0.6% and 0.2$ r e spec t ive ly  of 
ove ra l l  f i g u r e s  pa-  GLU. Addit ional  labour  requirements a r e  j u s t  0.8$ 
f o r  milk and 0.q: f o r  c a t t l e  of .the normal work load  per  GIU. 
'Vhile t h e s e  e x t r a  c o s t s  mag be important i n  s i t i n g  a p a r t i c u l c r  
e n t e r p r i s e  they can be omitted from the  model without s e r i c u ~ l y  
a f f e c t i n g  conclusions regarding genera l  land use w t t e r n s .  
Kixed lend use 
--- 
It i s  rccognised t h a t  i n  sone a r e a s  the in t roduc t ion  of t r e e s  w i l l  
a l l o v ~  increased stocking r a t e s  i n  add i t ion  t o  supplying some timber. 
Recreation coupled with a g r i c u l t u r e  o r  with f o r e s t r y  a l s o  c o n s t i t u t e  
mixed uses. I n  the  model r e c r e a t i o n a l  values or each use have been 
scored but ( i )  no allowance has been maae f o r  j o i n t  a g r i c u l t u r a l  and 
f o r e s t r y  use, and ( i i )  t he  n i x  of productive and rec rea t iona l  p r i o r i t y  
have been held constant  i n  a l l  uses. 
Despite the  obvious adventage of mixing a g r i c u l t u r e  and fo res t ry ,  
pcrr t icular ly i n  marginal grsz ing  l a n d 3  l i t t l e  use has been made of 
such rnnnagement i n  Cumbri~3.. Thiz i s  p e r t l y  tho  r e s u l t  of shortage of 
c a p i t a l  and p a r t l y  the  re luc tance  of farmers t o  experiment with new 
prac t ices .  Cn some l a r g e  e s t a t e s  where s h e l t e r  b e l t s  and sca t t e red  
t r e e s  have been placed i n  graz ing  l ands  ga ins  have been subs tan t i a l .  
There e r e  c l e a r l y  e l s o  ecologica l  and r e c r c a t i o m l  (through landscape 
onhnncoment ) : advantages i n  t h i s  mixed use. Cer ta in ly  t h i s  opt ion 
should be i n  the  model and vould equa l ly  c e r t a i n l y  replace  t h e  s t r a i g h t  
grazing opt ions  ( i n  lllost so lu t ions )  i n  those land c l a s s e s  where it can 
be used. I n  the  model then i t  aould not be so much an  a l t e r n a t i v e  use 
a s  a  .replzcenent f 01- t h t  e x i s t i n g  sheep and beef uses. Considered i n  
t h i s  7:ay -the only changes necessary would be t o  r a i s e  the  output 
c o o f f i c i o n t s  of beef and sheep grazing Z L ~  t o  include some timber 
output from these  uses. 
Quantifying the  t rade-offs  betmoen rec rea t iona l  p o t e n t i e l  and 
agr icul tura l .  o r  Corestry p roduc t iv i ty  i s  a l s o  d i f f i c u l t .  Two farmers 
i n  the   tarts sop Vzl ley  ( m i s t -  e t  a l . ,  1976) attempted t o  g ive  t h e i r  
l o s s e s  r e s u l t i n g  :Prom recrea t iont t l  pressures.  One repor ted  l o s s e s  of 
£600-700p.a. m d  the  o the r  est imated ' c h a t b e  had spent 1600 hours p.a. 
r e p a i r i n g  e s s e n t i a l  walls. These l o s s e s  a r e  however no t  d e f i n i t i v e  of 
l o s s  i n  grazing capaci ty  of t h e  land.  I n  heav i ly  used r ec rea t iona l  
a r e a s  such l o s s  i s  c e r t a i n b u t  l i t t l e  e f f o r t  has been made t o  quan t i fy  
any re l a t ionsh ips .  F0restr.y Commission opinion (pers.  comm.) i s  t h a t  
t he  r e c r e a t i o n a l  use  and usefulness  of t h e i r  f o r e s t s  can be increased 
cons iderably  with minimal l o s s  of tiffiber production. Grizedale i s  a 
f r e q u e n t l y  c i t e d  example. I n  the  county council opinion survey on 
which the  r e c r e a t i o n a l  score f o r  coniferous f o r e s t ?  l a r g e l y  r e s t s ,  
i t  i s  not  c l e a r  what concept of the  f o r e s t  respondents had i n  t h e i r  
minds when r a t i n g  the  various land uses. It could be. s a id  t h n t  manage- 
ment such a s  a t  Grizedale, which encourages r e w e a t i o n a l  use, i s  not in 
f a c t  r a i s i n g  t h e  r e c r e a t i o n a l  p o t e n t i a l   of t h e  f o r e s t ' ,  but.  merely 
provid ing  f a c i l i t i e s  t o  complanent the  e x i s t i n g  po ten t i a l .  The 
r e c r e a t i o n a l  p o t e n t i a l  of the  f o r e s t  i s  r a i s e d  by l e s s  dense plant ing,  
spec ies  mixing, contoured edges, roads  and r i d e s  etc .  U s e  of these  
. o p t i o n s  does lower p roduc t iv i ty  but again  no q u a n t i t a t i v e  l i n k  has been 
has  been attempted. 
I n  each of these  cases not only r e c r e a t i o n  and product iv i ty  a r e  involved 
W t a l s o  the  labour  and energy requirements and t h e  ecological  = d u e .  
Theore t i ca l ly  these  changes could a l l  be p lo t t ed  a g a i n s t  each o ther  and 
r e l a t i o n s h i p s  derived which would f i t  i n t o  t h e  mod.el and so provide a  
so lu t ion  which included the  optimum balance i n ,  f o r  example, f o r e s t  
manzgement f o r  product iv i ty  and f o r  r ec rea t iona l  and ecological  values. 
Omission provides the re fo re  not  so much a d i s t o r t i o n  of r e s u l t s  a s  a 
narrowing of options. These opt ions  need t o  be b e t t e r  defined before 
they can be programmed i n t o  t h e  model. 
Economics 
L i t t l e  at tempt has been made i n  the  work t o  t r a n s l a t e  the  e f f e c t s  of 
1and.use  pol icy  i n t o  monetary un i t s .  The output  of any commodity i s  
taken t o  be of vzlue d e s p i t e  the  e f f e c t s  t h a t .  a d d i t i o n a l  production might 
have on p r i c e s  (esEecia l ly ,  f o r  example, on potatoes) .  The value of 
the  m u l t i p l i e r  a s soc ia t ed  n i t h  each output i s a l s o  disregarded. As 
indica ted  i n  Appendix '2, p r i c e s  may be used. i n  e s t ab l i sh ing  meightings 
fo.r the  outputs  (and inpu t s )  i n  def in ing  a mul t ip le  ob jec t ive  function. 
I n  f a c t  t h i s  i s  the  only s tage  a t  which economic f a c t o r s  can and should 
be brought i n t o  t h e  r ~ a l y s i s .  
Zach a c t i v i t y ,  each product, n i l 1  generate a d d i t i o n a l  employment and 
income, but  t h i s  v i l l ,  i n  genera l ,  be urban based and t h u s  n o t a  d i r e c t  
cons idera t ion  i n  planning r u r a l  a f f a i r s .  The exception t o  t h i s  i s  
r e c r e a t i o n a l  po ten t i a l .  Xork toriards r e a l i s a t i o n  of t h i s  p o t e n t i a l  
w i l l  be predominan-tly h s e d  i n  r u r a l  a reas .  This p o t e n t i a l  emplbyment 
which fo l lows i s  not  inclucled i n  t h e  model because while the  c rea t ion  
(or  conservat ion)  of a  potentj.31 f o r  r e c r e a t i o n  may requ i re  some small 
labour  component (e.g. r epa i r ing  stone wa l l s )  t he  l a r g e  q u a n t i t y  of 
emplopnent i s  serv ic ing  t h c  t o u r i s t  and r e c r e a t i o n  indus t ry  i s  not 
c rea ted  automnt ics l ly  but fo l lows  the  demand f o r  such services.  
There ~e a r e  concerned only with the  supply of a r e a s  f o r  r ec rea t ion  not 
t h e  l e v e l  of demand f o r  them. . . 
Since t h e  so lu t ions  produced. by t h e  model depend on t h e  c o n s t r a i n t  s e t  
imposed., each so lu t ion  r ep resen t s  a valua s e t .  Indeed, t h e  s t r u c t u r e  
of t h e  model i t s e l f  n e c e s s a r i l y  r e f l e c t s  the  va lues  of t h e  modeller. 
This i s  unavoidable. 
Kost of the  input-output c o e f f i c i e n t s  a re  va lue  independent, but  not 
those of r e c r e a t i o n a l  po ten t i a l .  These depend on use r  preference and 
usage pa t te rns .  Var i a t ion  i n  score a r i s i n g  from changing r e c r e a t i o n a l  
preferences a r e  not modelable s ince  they cannot be predicted. kt 
change a r i s i n g  from, f o r  example, r i s i n g  p e t r o l  c o s t s  causes r e c r e a t i o n  
t o  be l e s s  ca r  based and t h i s  chsnge can be inciuder? i n  t h e  scoring 
procedure and hence i n  t h e  model. 
Thether  a n  output  l e v e l  i s  an ob jec t ive  on i t s  own, p r t  of some 
mul t ip l e  objec t ive ,  o r  simply a c o n s t r a i n t ,  demand f o r  i t  can be 
represented  by a weighting versus  q u a n t i t y  graph. If, f o r  e&mple, 
t,~ool production i s  cons t r a in t ed  i n  t h e  moZel t o  exceed x tonnes and i t  
i s  a l s o  weighted et  y ($24;1) i n  a mul t ip le-objec t ive  funct ion ,  then 
t h i s  can be represented  by\n i n f i n i t e  weighting f o r  q u a n t i t i e s  of  wool 
below x tonnes . . . 
accumulating value 
def ined  by weighting 
.i _______3 q u a n t i t y  of wool 
The shape of the  vieighting curve f o r  each commodity r e f l e c t s  t h e  
decision-rnakers'value s. 
It would be unusual f o r  any  one person, much l e s s  a community, t o  a s s i g n  
wei th t ings  t o  commodity outputs  i n  t h i  ~vay shov~n above. Aluch more l i k e l y  
i s  a decreasing marginal importance of produce . .. 
q u a n t i t y  of wool 
with t h e  point  ..P(x,y) a s  simply one poin t  on t h e  u:ci?;htini ourve. 
Use of a  decreasirig ( l i n e a r  and non-linear) ne ight ing  func t ion  viould 
g ive  a  more r e a l i s t i c  represe1:tetion of the  vclues of t h e  oomuni ty  o r  
the  decision-maker. ,This n igh t  be q u i t e  accura te ly  assessed f o r  one 
person but comxunity weightings o f ,  p a r t i c u l a r l y ,  ecologica l  and 
r e c r e a t i o n a l  values couli' only be t e n t a t i v e .  Frovided the  meightings 
could be reasonably described by a wel l  defined funct ion ,  a  so lu t ion  
could be found t o  maximise the  r e s u l t i n g  non-l ine?r  ob jec t ive  funct ion.  
Unhappily f o r  t h e  modeller, va lues  ape not constant  and so n e i t h e r  a r e  
weighting funct ions .  F09~1eS (1977) analysed the problem of va lues  i n  
planning o r  f u t u r e  research  genera l ly  and described the  throe  s t r a t e g i e s  
a v a i l a b l e  f o r  t ack l ing  t h i s  d i f f i c u l t y .  
( i )  Hazard guesses about f u t u r e  values. One should t ake  account 
of the  f a c t  t h a t  f u t u r e  va lues  may fluckrlate and propose 
severa l  d i f f e r e n t  f u t u r e  value sets .  These should be compared 
rrith the  intended plan t o  see vrhei-e problems might a r i se .  
( i i )  Consider a l t e r i n g  f u t u r e  values. If r e s i s t a x e  t o  -z design 
f o r  t h c  f u t u r e  docs not invoke deep-lying values, i t  may be 
a  candidate f o r  manipulation. 
(iii) Create f l e x i b l e  plzns. They should be conslructed with a s  
much opportunity f o r  review a s  possible. 
To proceed along these  l i n e s  i n  genera-tion snd i n t e r p r e t a t i o n  of model 
r e s u l t s  v~ould c e r t a i n l y  add robustness t o  any conclusions d r a m  o r  
p l m s  implemented. 
Table 6.1 Energy and l a b o u r  i n  t r a n s p o r t a t i o n  
If t h e  standarq 
0.57 litry km- 
30 km hr-  then  
t r a n s p o r t  vehic le  can c a r r y  1 5  tcnnes of product a t  
(5 mi le s  per  ga l lon  d e i s e l )  with an  average speed of 
. . . 
Energy cos t  of t r anspor t  = 1.7 GJ km-I tonne-' 
f o r  timber = 1.0 MJ km-I rn-3 (green S i t k a  Spruce) 
f o r  milk = 4.5 NJ km-I GLU-I 
f o r  c a t t l e  = 0.5 KJ km-I GLU-I 
Labour cos t  of t r a n s p o r t  = 0.00025 SMD km-I tonne-' 
f o r  t i n b e r  = 0.0001 6 S ~ D  im-' m -3 
f o r  milk = 0.00070 SMD km-I GLU-' 
f o r  c a t t l e  = 0.00007 S&D km-I GLU-I 
Attribute score 
Fig 6.1 Probabi l i ty  d i s t r i bu t ion  of score Tor one a t t r i b u t e  in  one land 
. 
class. 
Fig 6.2 Prokabi l i ty  d i s t r ibu t ions  for  three land classes.  
If the model specif ies  c l a s s  2 f o r  a par t icu la r  use then the shaded 
land i s  most sui table  even though it w i l l  come Prom a l l  three classes. 
~~ ~ 
'- o b i e c t i v e  case  
It i s  p r t i c u l a r l y  important t o  know the  s e n s i t i v i t y  of t h e  so lu t ions  
of the  LP problem t o  changes i n  t h e  f a c t o r  coe f f i c i en t s .  7he re  t h e r e  
i s  u n c e r t a i n t y  i n  t h e  c o e f f i c i e n t s  t h e  ex ten t  t o  which t h i s  u n c e r t a i n t y  
a f f e c t s  t h e  concLusions may throw doubt on t h e  v a l i d i t y  of t h e  
procedure . 
Object ive f u n c t i o n  
The s implest  s e t  of c o e f f i c i e n t s  t o  oheclc f o r  s e n s i t i v i t y  a r e  those  of 
t h e  ob jec t ive  i'unction. For non-basic dec i s ion  v a r i z b l e s  a  change i n  
c o e f f i c i e n t t i i f  of e,. ?;ill not  change the  b a s i s  provided i t  i s  l e s s  than 
s . - t h e  i element of t h e  l a s t  row of t h e  s o l u t i o n  tab leau  ( a s  
g%erated by t h e  simplex algori thm).  (These elements have no 
a l t e r n a t i v e  phys ica l  i n t e r p r e t a t i o n . )  For a  b a s i c  dec i s ion  v a r i a b l e  
t h e  s i t u a t i o n  i s  s l i g h t l y  more complex and novement of  t h e  c o e f f i c i e n t  
e i t h e r  u p  o r  down may a l t e r  t h e  bas i s .  The change ei must be such 
t h a t  
if t h e  b a s i s  i s  not t o  change. 
Constraint  f u n c t i o n s  
I n  d iscuss ing  t h e  s e n s i t i v i t y  of coe f f i c i en t s  i n  t h e  cons t r a in t  
f u n c t i o n s  i t  i s  assumed he re  t h z t  t h e  c o n s t r a i n t s  a r e  minima. I n  o the r  
problems d i f f e r e n t  d i r e c t i o n s  of novement may be s i g n i f i c a n t  and the  
quoted formulae may have c h ~ n g e s  of sign. 
The c o n s t r a i n t  f u n c t i o n  c o e f f i c i e n t s  can be assessed  with varying 
degrees  of d i f f i c u l t y  according t o  mhicb of' f o u r  poss ib le  s i t u a t i o n s  
i s  app l i cab le  t o  t h e  particul-1. coe f f i c i en t .  
( i )  The c o e f f i c i e n t  r e l a t e s  t o  s. non-basic va r i ab le  and t h e  
correspo~iding su rp lus  v a r i a b l e  i s  bas i c  (1.e. non-zero). 
I n  t h i s  s i tu? . t ion  the  c o e f f i c i e n t  does not  a f f e c t  the  opt imal  
s o l u t i o n  a t  a l l .  Thus, f o r  e=mple, i f  t h e  opt imal  s o l u t i o n  
cioes not  p re sc r ibe  t h e  use of any c l s s s  1 lsnZ f o r  coniferous 
f o r e s t ,  -.. an6 i f  timber product ion exceeds t h e  c o n s t r a i n t  vzlue, 
then  t h e  so lu t ion  i s  i n s e n s i t i v e  t o  t h e  vol~une of t imber which 
c l a s s  1 i s  capable of producing. ('This i s  of course not t r u e  
i f  t h e  ob jec t ive  i s  timber.) 
( i i )  The c o e f f i c i e n t  r e l a t e s  to a, non-b&sic dec i s ion  v s r i a b l e  and 
t h e  corresponding surp lus  v a r i a b l e  i s  non-basic. 
If t h e  dec i s ion  v a r i z b l e  i s  x. and t'c2 su rp lus  v2.riable y. and 
1' if t h o  c o e f f i o i e n t  of x. i 8  ikcreased by u, t h e n  t h e  o p t i m d  
s o l u t i o n  will be unchanied so long as  
where aok i s  the  kth element of the  bottom row of t h e  tab leau .  
This method would apply  i f ,  i n  t h e  s i t u a t i o n  above, the  cons t r a in t  
a 
on timber production was merely being reached, not  exceeded. 
The element aOk i s  the  dual  v w i a b l e  corresponding t o  the  
c o n s t r a i n t  i n  quest ion.  
( i i i )  The c o e f f i c i e n t  r e l a t e s  t o  a  bas i c  dec i s ion  va r i ab le  and a bas ic  
surplus  var iable .  0 
Using t h e  above nomenclature, the  current  opt imal  so lu t ion  
remains f e a s i b l e  i f  t h e  c o e f f i c i e n t  i s  decreased by any amount 
l e s s  than yi/-,i. 
( i v )  The c o e f f i c i e n t  r e l a t e s  t o  a bas ic  dec is ion  va r i ab le  and a  non- 
a 
bas ic  surplus  var iable .  
I n  t h i s  s i t u a t i o n  it i s  necessary t o  perform an  add i t iona l  
p ivot ing  opera t ion  c rea t ing  a tzbleau  v i t h  y .  i n  -the b a s i s  and 
3 out. This  can g ive  r i s e  t o  computationat complications but 
g lves  a  measure of s e n s i t i v i t y  from a  combination of the  o r i g i n a l  
so lu t ion  tableau  an? t h a t  newly created. 
It may be t h a t  t h i s  nore complex a n a l y s i s  can be avoided by 
making t h c  cons t r a in t  i n t o  the  objec t ive .  For example, i f  the  
optimal so lu t ion  includbs the  use of c l a s s  2 land f o r  coniferous 
f o r e s t ,  and i f  t he  timber c o n s t r a i n t  i s  not  exceeded then a n  
adequate measure of s e n s i t i v i t y  may be more e a s i l y  achieved by 
making timber prodt;.ction t h e  ob jec t ive  and t e s t i n g  using methods 
a s  given above. 
i t ! u l t i ~  b j  ec t ive  case 
- ----. 
Tn t h e  mult i -object ive case where t h e  c o e f f i c i e n t s  of' t h e  ob jec t ive  
func t ion  a r e  an  amalgam of the  c o e f f i c i e n t s  o l  the  cons t r a in t  func t ions  
two .main problems a r i s e  i n  assess ing  s e n s i t i v i t y .  
( i )  A change i n  a117 c o e f f i c i e n t  w i l l  change both t h e  correspon6ing 
cons t r a in t  funct ion  and t h e  ob jec t ive  func t ion  (dn les s  t h e  
veighting i s  :zero) .  
" .  
(ii) A change i n  one of the  v i e i g h t i n ~ s  used i n  cons t ruc t ing  the  
ob jec t ive  func t ion  x i11  change morc then one o r  the  elements 
of the  ob jec t ive  funct ion .  
Thus, although s e n s i t i v i t y  a n a l y s i s  on the  ob jec t ive  func t ion  may s t i l l  
be r e a d i l y  performed, t h e  r e s u l t s  v : i l l  not g ive  any guide t o  t h e  
s e n s i t i v i t y  of the  r e s u l t s  t o  t h e  vzeightings an2 m i l l  g ive on ly  an  
' ou te r '  limit of al lowable change i n  coe f f i c i en t s .  
A change i n  the  value of a  f a c t o r  weighting w i l l  change the  o b j e c t i v e  
func t ion  coe f f i c i en t  of a l l  va r i ab les  which nay cont r ibute  t o  t h a t  
f ac to r .  They w i l l  a l l  change i n  the  same proport ion but t h i s  does not 
make ca lcula t ior ,  of t h e  s e n s i t i v i t y  t o  change any eas i e r .  If a l l  t h e  a 
c o e f f i c i e n t s  cha.nge by t h e  same amount ( a s  d i s t i n c t  from t h e  snme 
then  a  s e n s i t i v i t y  i s  r e a d i l y  ca lculable .  This  s i t u a t i o n  
i s  approximated i f  a l l  t h e  c o e f f i c i e n t s  t o  which t h e  weishting i s  appl ied 
a r e  of nimilar  magnitude ( a s  l e a s t  t h e  same d inens ion)  - f o r  example, 
the  r e c r e a t i o n a l  and ecologica l  ne ight ings  could be t e s t e d  under t h i s  
approximation. Some conclusion:; might a l s o  be drawn i n  t h i s  viay about 
t h e  s ign i f i cance  of change i n  t h e  meightings of milk and timber 
production. 
The change d which i s  a p ~ l i e d  t o  a l l  c o e f f i c i e n t s  i n  s e t  l i {  must be 
such t h a t  
a  Max (- a ./Ti a .  . '  r \ 0)<d < hiin (-a 
OJ I J ~  L i  i j /  I j  j 
i f  t h e  b a s i s  i s  not  t o  change. If t h i s  v,alue i s  d ik ided  by a  t y p i c a l  
va lue  of the  c o e f f i c i e n t s  involved a  value f o r  change i n  the  weighting 
i s  obtained. 
I n  cases  where t h e  range of the  c o e f f i c i e n t s  i s  g r e a t e r  o r  when a  more 
accura-te value i s  r equ i red  the  r e l evan t  t e s t  expression i s  1 - a  ./ 0.a..  
where c.  [ a r e  the  ob jec t ive  func t ion  c o e f f i c i e n t s  a f f e c t e d  by tRd 1 1J  
1 
change i n  weighting. So if i s  t h e  mu:t ipl icat ive f a c t o r  t h e  b a s i s  
w i l l  be unchanged if 
i n  ( I  a  o~  / -1 a )  1 1~ f o r  a  .<Xi c . z . .  
j QJ 1 1 J  
or @ . > I : ~ X  (1 - aoj/xi ciaij) f o r  aoj>&ciaij 
Coef f i c i en t s  
An inc rease  (decrease)  i n  any cceff'icient w i l l  change t h e  r e l evan t  
c o n s t r a i n t  func t ion  and a l s o  produce ( i f  t h e  r e i g h t i n g  i s  p o s i t i v e )  a n  
inc rease  (rlecrease) i n  t h e  ccrrespci?ding ob jec t ive  func t ion  c c e f f i c i e n t .  
Again we can consider  f o u r  s i t u a t i o n s : -  
(v )  ncn-basic dec i s ion  v a r i a b l e  and bas i c  su rp lus  va r i eb le  
The s o l u t i o n  i s  not  s e n s i t i v e  t o  change i n  t h e  c c n s t r a i n t  
func t ion  c o e f f i c i e n t  but  t h e  change i n  ob jec t ive  c o e f f i c i e n t  
may be s u f f i c i e n t  t o  br ing t h e  dec i s ion  va r i ab le  i n t o  t h e  
bas i s .  This  s e n s i t i v i t y  w i l l  be a c c u r a t e l y  given by c b j e c t i v e  
func t ion  ana lys is .  
( v i )  non-basic dec i s ion  va r i ab le  an3 non-basic su rp lus  v a r i a b l e  
Change i n  t h i s  c o e f f i c i e n t  may bring i t  i n t o  the  b a s i s  through 
i t s  e f f e c t  on e i t h e r  t h e  c o n s t r a i n t  o r  t h e  objeccive funct ion.  
- 
~f t h e  c o n s t r a i n t  i s  a  ninimum, t h e  weighting p o s i t i v e  and t h e  
c b j e c t i v e  t o  m a b i s a ,  then decrease of t h e  coefi ' ic ient  w i l l  be 
unbounded while  s e n s i t ~ v i t j r  t o  inc rease  rill be measured by t h e  
l e s s e r  of va lues  given by o b j e c t i v e  func t ion  a n a l y s i s  and t h e  
r u l e  i n  ( i i )  above (s ingle-objac t ive  case) .  If t h e  weighting 
i s  negat ive then  on ly  t h s  s e n s i t i v i t y  wi th in  t h e  cons t r a in t  
func t ion  a p p l i e s  a s  t h e  c o e f f i c i e n t  increases ,  and only  the  
s e n s i t i v i t y  wi th in  t h e  ob jec t ive  func t ion  a p p l i e s  a s  the  
coe f f i c i en t  decreases. 
( v i i )  bas ic  dec i s ion  va r i ab le  and bas ic  surplus  va r i ab le  
Again, i f  the  c o n s t r a i n t  i s  a  minimun and t h e  ob jec t  
maximisation, then under e i t h e r  p o s i t i v e  or  negat ive weighting 
inc rease  i n  t h e  c o e f f i c i e n t  w i l l  be s e n s i t i v e  only  wi th in  the  
ob jec t ive  funct ion .  Decrease i n  the  c o e f f i c i e n t  could produce 
change i n  the  optimum so lu t ion  through e i t h e r  func t ion  and the  
l e s s e r  of t h e  va lues  given by ob jec t ive  func t ion  ana lys i s  and 
( i i i )  above w l l l  be t h e  r e l evan t  measure. 
( v i i i )  bas ic  dec i s ion  va r i ab le  and non-basic surplus  va r i ab le  
I n  t h i s  s i t u a t i o n  with e i t h e r  pos i t ive  o r  negat ive  weighting, 
inc rease  o r  decrease of the  c o e f f i c i e n t  may produce a  change i n  
t h e  optimal s o l u t i o n  through i t s  pos i t ion  i n  both t h e  cons t r a in t  
and ob jec t ive  funct ions .  I n  each casa the  a c t u a l  s e n s i t i v i t y  
w i l l  be t h e  l e s s e r  of the  s e n s i t i v i t y  va lues  a r i s i n g  from t h e  
two funct ions .  The s e n s i t i v i t y  a s  defined f o r  t h e  ob jec t ive  
func t ion  w i l l  g ive  a n  es t imate  of t h e  allowed v a r i a t i o n  i n  the  
c o e f f i c i e n t  which i s  equal t o  o r  exceeding t h e  t r u e  s e n s i t i v i t y .  
That is ,  t h e  change i n  c o e f f i c i e n t  which w i l l  change t h e  b a s i s  
w i l l  be l e s s  than  o r  equal t o  t h e  value given i n  t h i s  way. 
Def in i t ion  of t h e  a c t u a l  s e n s i t i v i t y  will r e q u i r e  computation 
as ind ica ted  i n  ( i v )  above. 
Thus, i n  a l l  s i t u a t i o n s  of t h e  mul t i -objec t ive  case, except i n  ( v i )  
when the  weighting i s  negat ive and t h e  c o e f f i c i e n t  increas ing ,  the  
s e n s i t i v i t y  a s  given by ob jec t ive  func t ion  a n d y s i s  i s  a maximum 
al lowable change i n  c o e f f i c i e n t .  I n  o the r  words, i f  such a n a l y s i s  
i n d i c a t e s  t h a t  the  so lu t ion  i s  h ighly  s e n s i t i v e  to some c o e f f i c i e n t  
then s e n s i t i v e  i t  i s ;  i f  the  method g ives  a  low degree of sensitivity 
then t h e  coe f f i c i en t  may s t i l l  be s i g n i f i c a n t  ihrough i t s  inf luence  on 
the  c o n s t r a i n t  funct ion.  
6.2.2 Sl3ISITFlITY ANALYSIS - AFPLIUTIOPj 
S e n s i t i v i t y  can only be s t r i c t l y  defined f o r  n s ing le  s o l u t i o n  t o  t h e  LP 
problem. Each so lu t ion  has  i t s  crin s e t  of s e n s i t j v i c i e s  derending on 
the  a o e f f i c i e n t s  ancl c o n s t r a i n t s  which d e f i n t  the  problem. 
On p. 90 t h e  land uses which appeared i n  each c l a s s u n d e r  present  
management and no land use r e s t r i c t i o n s  f o r  one o r  more object ives were 
l i s t e d .  Certain of these  woulcl change c l a s s  o r  be replaced by o ther  
uses  through m a l l  v a r i a t i o n s  i n  tho coe f f i c i en t s .  This i s  used a s  an 
example of t h e  s o r t  of revierr of r e s u l t s  t h s t  s e n s i t i v i t y  a n a l y s i s  
allorrs . . . 
I n  c l a s s  1 ,  da i ry ing  appears  under a l l  ob jec t ives  and i s  
r e l a t i v e l y  i n s e n s i t i v e .  Beef and sheep however a r e  only 
included i n  the  bes i s  under some ob jec t ives  and may be removed 
by changes of l e s s  than 25 i n  a  number of r e l evan t  c o e f f i c i e n t s  
i n  t h i s  o r  o ther  land c lasses .  Deciduous woodland would e n t e r  
the  b a s i s  under t h e  ecologica l  ob jec t ive  if i t s  c o e f f i c i e n t  of 
ecologica l  va.lue mere increased by I+?:. 
A l l  uses  except beef and crops appear i n  the  h a s i s  i n  c l a s s  2 
under some objec t ive .  Beef would be recommended f o r  maximum 
meat production through c o e f f i c i e n t  chenges of < 0.1% and 
cropping would be included f o r  food energy ppoduetion if i t s  
output  were up I.$ r e l a t i v e  t o  land c l a s s  6. Small r educ t ions  
( < 17: f o r  beef, ( 5$ f o r  crops)  i n  energ:? requirement mould 
in t roduce  these  uses  f o r  energy conservat ion.  Fores t  and 
woodland use appear only under t h e  ecologica l  ob jec t ive  and w i l l  
be removed by changes of 2-L$ i n  a  number of ecologica l  
coe f f i c i en t s .  
Any of the  l i v e s t o c k  uses  may appear under a  number of 
ob jec t ives  i n  c l a s s  3. Changes i n  coe f f i c i en t  g r e a t e r  than 2% 
a r e  necessary t o  br ing  any o ther  uses  i n t o  the  basis .  
A l l  uses  except cropping appear under sor~ie objec t ive  i n  c l a s s  4. 
k drop of IT. r e l c t i v e  t o  c l a s s  8 i s  necessary t o  e l iminate  
coniferous forc--t  under the  timber p r o d u c t i m  ob jec t ive ;  but 
a  2.4% increase  i n  the  r e c r e a t i o n a l  v&ue of deciduous woodland 
i n  c l a s s  10 woul6 remove t h i s  use from c l a s s  4 f o r  t h i s  object-  
ive. Dairying i s  i n  t h e  b a s i s  only f o r  the  faod energy and 
l ~ b o u r  ob jec t ives  while beef i s  included under energy 
conservat ion an*. ccology. Otherwise t h e  preferred use i s  sheep 
snd i s  r e l a t i v e l y  i n s e n s i t i v e  to changos i n  coe f f i c i en t s .  
Class 5 i s  used exc lus ive ly  f o r  dnir;ying unless  t h e  objec t ive  i s  
energy conservat ion rrhen beef i s  prefer red  i n  p a r t  of t h e  a r e .  
The l a t t e r  w i l l  a l s o  e n t e r  t h e  b a s i s  through changes of ( 0.3; 
i n  c o e f f i c i e n t s  of mefit produeti.on an?. r e c r e a t i o n a l  p o t e n t i a l  
under these  ob jec t ives .  
Only coniferous f o r e s t  i s  not  used under any ob jec t ive  i n  c l a s s  6. 
Dairy and sheep a r e  the  usual  preference although cropping i s  
prefer red  f o r  food energy, labour requirement and energy 
conservation. Beef i s  21so recommended f o r  t h e  l a s t  objec t ive .  
Cropping could be t r a n s f e r r e d  t o  o l a s s  2 through r e l a t i v e  
changes of < % i n  labour  requirement o r  food energy production. 
Deciduous woodland i s  recommended only  f o r  i t s  eco log ica l  value 
while coni ferous  f o r e s t  w i l l  en t e r  t h e  b a s i s  under t h i s  ob jec t ive  
i f  t h e  ecologica l  value of t h e  broadleaved woodland drops by 
2.$ o r  i f  i t s  own valuo inc reases  3.97%. 
Coniferous f o r e s t  i s  used i n  c l a s s  8 f o r  energy conservat ion and 
w i l l  s l s o  appear under t h e  timber ob jeo t ive  mith a  I@ inc rease  
i n  product iv i ty .  Change i n  ob jec t ive  func t ion  c o e f f i c i e n t  of 
< 4% w i l l  br ing deciduous woodland i n t o  t h e  b a s i s  f o r  energy 
conservat ion o r  ecoloe ioa l  value. Otherwise beef,  d a i r y  and 
sheep a r e  about equel ly  p re fe r r ed  depending on t h e  object ive.  • 
Small changes i n  some c o e f f i c i e n t s  w i J l  change t h e  preference. 
Class  9 i s  used f o r  coniferous and/or deciduous f o r e s t  under a l l  
o b j e c t i v e s  except energy saving when sheep a r e  preferred.  A 
small proport ion i s  used f o r  sheep on improved pas tu re  under most 
o t h e r  ob jec t ives .  These r e s u l t s  a r e  i n s e n s i t i v e  t o  small * 
coe f f i c i en t  changes except t h a t  beef could e n t e r  t h e  b a s i s  with 
a O . q  d rop  i n  i t s  energy consumption, o r  a 5 . s  inc rease  i n  
ecologica l  va lue  of  improved beef land.  
improved graz ing  f o r  sheep i s  t h e  p re fe r r ed  land  use i n  c l a s s  10 
under a l l  o b j e c t i v e s  except r e c r e a t i o n a l  p o t e n t i a l  and energy • 
cons t r a in t s .  I n  t h t  f i rst  unimproved grazing i s  p re fe r r ed  but 
i nc reases  of 2.47' i n  r e c r e a t i o n a l  p o t e n t i a l  of deciduous woodland 
o r  4.49 i n  improved graz ing  land  would bring them i n t o  t h e  bas i s .  
A l l  o t h e r  uses  a r e  wi th in  small percentages of being i n  t h e  b a s i s  
under t h e  energy ob jec t ive ,  only deciduous woodland i s  not  
l i k e l y  t o  be wholly removed. Drops of 1% o r  5.3! i n  moo1 o r  
meat p roduc t iv i ty  r e s p e c t i v e l y  would rccke the  pas ture  
improvement no longer  prefer red .  
Class  11 shoms a s imi l a r  p z t t c r n  with imuroved. sheep land  
prefer red  under most ob jec t ives .  Deciduous woodlend i s  used 
f o r  t imber production and r e c r e a t i o n  and unimproved pas ture  f o r  
energy saving. Coniferous f o r e s t  mould be included f o r  t imber 
production with a n  11% inc rease  i n  output ;  beef f o r  energy 
saving r i t h  a  drop of 0.1% i n  consumption; a  7.N f a l l  i n  wool 
( o r  3.y f a l l  i n  meat) product iv i ty '  would maice t h e  pas ture  
improvement not  worthwhile. 
* 
Again improved pas tu re  f o r  sheep i s  the  prefer red  use i n  o l a s s  12 
u n l e s s  t h e  ob jec t ive  i s  energy saving. Then a l l  o t h e r  uses  may 
appear vlith only coniferous f o r e s t  alniost c e r t a i n l y  i n  t h e  bas is .  
Softwoods could s l s o  e n t e r  f o r  timber production c i t h  a  9 . s  
p roduc t iv i ty  increase .  The drops i n  wool o r  meat p roduc t iv i ty  
which would make unimproved p l s t u r e  p re fe rab le  a r e  2 6  and 14% 
respec t ive ly .  
The r e c r e a t i o n a l  ( ~ e r h a p s  debatable) and eco log ica l  advantage of  
broadleaved scrub o r  nioodland i n  c l a s s  13 makes t h i s  prefer red  
use f o r  a l l  ob jeo t ives  except energy saving when beef i s  
recommended. Coniferous f o r e s t  v i l l  en te r  t h e  b a s i s  f o r  timber 
production with a 4.75 inc rease ;  30% gains  i n  meat production 
from improved sheep land,  a  6% i nc rease  i n  ecologica l  value, o r  
2@ g a i n s  i n  r e c r e a t i o n a l  p o t e n t i a l  a r e  necessary t o  r ep lace  
t h e  deciduous woods with sheep. Improved beef lands  w i l l  en t e r  
'1 ue. with a  4 . s  inc rease  i n  eco log ica l  v . 1  
Sheep grazing i s  the  recommended use i n  c l a s s  14 f o r  e l l  
o b j e c t i v e s  except energy saving (beef p re fe r r ed )  and ecologica l  
value (wi lderness  p re fe r r e? ) .  The r e s u l t s  a r e  i n s e n s i t i v e  t o  
any changes i n  coe f f j  c i e n t  l e s s  than  1y;. 
Class 15 i s  very s i m i l z r  t o  13. The stme uses  a r e  prefer red  
under the  same ob jec t ives .  Changes necessary t o  g ive  o t h e r  
r e s u l t s  a r e  a  4.9$ i nc rease  i n  coniferous f o r e s t  t imber 
production; a  !$? i nc rease  i n  t h e  ecologica l  value of improved 
beef land  ( o r  5.5% i n  improved sheep); a  15% ga in  i n  
r e c r e a t i o n a l  p o t e n t i a l  of  unimproved sheep graz ing;  o r  a 39;  
r i s e  i n  meat p roduc t iv i ty  from improved sheep land.  
S imi lar ly ,  c l a s s  16 i s  s imi l a r  t o  c l a s s  14 with sheep grazing 
recommended except where beef (energy saving) o r  v t l d e r n e s s  
(ecology) a r e  prefer red .  li 14% drop i n  t h e  r e c r e a t i o n a l  
p o t e n t i a l  of t h e  sheep re1,zt ive t o  beef mould b r i n s  i n  t h e  
l a t t e r  use, 2s would a  17; i nc rease  i n  enerpy consumption. 
Beef w i l l  be prefer red  t o  wilderness if eco log ica l  va lues  a r e  
$ higher .  The r e s u l t s  a r e  i n s e n s i t i v e  t o  o t h e r  changes i n  
coe f f i c i en t s .  
An a n a l y s i s  of  t h i s  kind. i n  a d d i t i o n  t o  i n d i c a t i n g  t h e  degree of 
confidence t h e t  t h e  decision-maker may have i n  the  r e s u l t s  can a l s o  a i d  
i n  choosing t h e  order  i n  which var ious  land. use changes might be 
pursued. For  e z n p l e ,  1,vhile pas ture  improvement f o r  sheep graz ing  i s  
recommended under a  number of obj tct i .ves f o r  c l a s s e s  10, 11 and 12 
t h i s  preference i s  l e a s t  s e n r i t i v e  t o  c o e f f i c i e n t  chanzcs i n  c l a s s  12 
and so a:~beg&nning could be encouraged here  rrith t h e  g r e a t e s t  
confidence. 
S e n s i t i v i t y  l e v e l s ,  of course, change vrhsn the  I'nrks and Common land  use 
r e s t r i c t i o n s  a r e  imposed. I n  genc:ml, however, it i s  t h e  choice of 
l i v e s t o c k  i n  t h e  lovlsnd  which i s  most s e n s i t i v e  t o  changes i n  
c o e f f i c i e n t .  There i s  a s  much information z v a i l ~ b l e  from t h e  model 
on s e n s i t i v i t y  a s  the re  a r e  r e s u l t s  and c.11 t h e  permutations cannot 
s ens ib ly  b- discussed here. This resum6 of the  s e n s i t i v i t i d s  
a s soc ia t ed  with t h e  ob jec t ive  f u n c t i o n  c o e f f i c i e n t s  of one s e t  of 
r e s u l t s  i s  the re fo re  on ly  a  gui8.e. Obviously before any pol icy  based 
on r e s u l t s  of t h e  n~odel mere contemplated a  more 6 e t a i l e d  cons idera t ion  
of the  s e n s i t i v i t y  of t h e  r e s u l t s  being used .:~ould be necess=y. 
Such cons idera t ions ,  e s p e c i a l l y  i n  conjunct ion viith a n  assessment of 
p o t e n t i a l  e r r o r s  (Sec. 4.3), would a l s o  i n d i c a t e  t h e  members of t h e  
c o e f f i c i e n t  s e t  d i i c h  a r e  most l i k e l y  t c  d i s r u p t  conci.usions and which 
the re fo re  most need f u r t h e r  r e sez rch  f o r  b e t t e r  d e f i n i t i o n .  
7. OTHER hTODEL TYFZS .UD APFLICkTIONS 
There a?-e a number of approaches t o  rrlodelling besi8.0~ l i n e a r  programming 
which mi,:ht be u s e f u l  i n  land use planning i n  Cumbria. Jn choosing 
t h e  type  of model b e s t  su i ted  t o  a p a r t i c u l a r  problem a nuxbe7: of 
genera l  po in t s  must be considered. Thcse r e l a t e  t o : -  
( i )  t h e  d a t a  requirements of the  nodel and t h e i r  a v a i l a b i l i t y ;  
( i i )  t h e  q u a n t i t y  and q u a l i t y  of information r s t r i e v a b l e  from t h e  
model; and 
( i i i )  the  ease of conprehens.ion of t h e  modelling process. 
This l a s t  poin t  i s  important. '  If decision-msker(s) a r e  unable t o  
u n d e r s t a d  what t h e  model i s  doing, and why, they  n i l 1  be u n ~ i l l i n g  t o  
a c t  on any model recommendations which go a g a i n s t  t h e i r  ovm i n c l i n a t i o n s .  
Dynamic programmm 
The dynam.i.c programmingmetl'od. (?$orpester, 1968) i s  f a i r l y  e a s i l y  
understood s ince  i t  a t tempts  t o  reproduce the  important r iz tural  and 
human elements of t h e  system under consicisration. Involved a r c  l e v e l s  
and r a t e s  wi th in  feedback loops  a l l  w i th in  a closed system. By 
s e t t i n g  these  l e v e l s  and a s s ign ing  r a t e s  of change i n  accord with 
present  condi t ions  and po l i cy  t h e  model should descr ibe  f u t u r e  t rends .  
The e f f e c t  on these  t r e n d s  of a l t e r n e t i v e  po1icii.s can then be examined. 
A si.mple dynamic model f o r  r u r a l  Cumbria might take a form s imi l a r  t o  
-the a g r i c u l t u r a l  s e c t o r s  of t h e  Xorld Model cf'~Meadour:: e t  a l .  (1972). This 
would have t o  be adapted t o  inc lude  the  r e c r e a t i o n a l  an8. ecologica l  
impact of land  uses  s ince  these  fi.,ctors a r e  port icul ,zTly important i n  
Cumbria. 
A model of t h i s  type \?0ulc3 r e q u i r e  a l a r g e  c;uantity of da.ta s ince  t h e  
l i n k s  between model components ( i . e .  the  r a t e s )  would not be t h e  same i n  
a l l  land c l a s ses .  Such da tx -  not  l i l r a ly  t o  be avail;..ble i n  t h e  near  
f u t u r e .  
Wore f e a s i b l e  i s  t h e  use of dynamic modelling i n  a p a r t i c u l a r  a r e a  with 
fewer opt ions  and more s p e c i f i c  problems. The method has  been used t o  
b e t t e r  def ine  t h e  i s s u e s  and t o  t e s t  p o l i c i e s  i n  one Aus t r i an  v a l l e y  
( ~ u n n e l l  e t  a l . ,  1975) an? could be s i m i l a r l y  used i n  Cumbria 7;here 
r i s i n g  a g r i c u l t u r a l  p roduc t iv i ty  coupled r ~ i t h  i n e l a s t i c  demans and 
r i s i n g  expecta t ions  i s  reducing community i n  some v a l l e y s  t o  l e v e l s  no 
longer  v iable .  
Markov ohaining 
This a l s o  i s  s s s e n t i a l l y  a d e s c r i p t i v e  approach t o  modelling. The 
d5-fference between Markov chaining and dynamic program l i e s  p r imar i ly  i n  
t h e  da ta  requirement and consequently i n  t h e  r e l i a b i l i t y  of r e s u l t s .  
In s t ead  of a t tempt ing  t o  p red ic t  land  use changes through the  i n t e r -  
a c t i o n s  of environmental parameters, change i s  assessed  pure ly  i n  terms 
of p r o b a b i l i t y  (~emeny  and Snel l ,  1960). Evidence of t h e  past and 
knowledge of cu r ren t  po l i cy  a r e  used t o  es t imate  the  p r o b a b i l i t y &  change 
from one land use over z spec i f ied  period. 
I n  Cumbria, such a  p r o b a b i l i t y  ma t r ix  might be der ived  f o r  etch land  
c lass .  
Land c l a s s  A 
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I n  t h i s  e m p l e ,  between time ' t '  and time 't+l ( s c y  5 yea r s  l a t e r )  
t h e r e  i s  a  p r o b a b i l i t y  of 0.1 2 t h a t  land novrbing grazed by sheep v r i l l  
become coni ferous  f o r e s t .  S ince  t h e  b a s i s  of t h e  Karkov approach i s  no 
change i n  p r o b a b i l i t y  over time, t h e  l a n d  use p a t t e r n  a t  time ' h 2 '  
~ f f i  be est imated ,by r e a p p l i c a t i o n  of t h e  matrix.  So t h e  p r o b a b i l i t y  of  
change between "*'and %+2' i s  found by squaring t h e  i n i t i a l  matrix. 
If a  l i n k  could be e s t ab l i shed  between planning p o l i c i e s  and p r o b a b i l i t y  
of land  use  changes, and i f  some d e s i r a b l e  f u t u r e  land use p a t t e r n  had 
been determined, t hen  t h i s  method could 'be used i n  der iv ing  p o l i c i e s  
which would p o d u c e  the  prefer rcd  land  use p a t t e r n  a t  a  chosen t ime i n  
t h e  f u t u r e .  
Data requirements  f o r  a model (such a s  t h a t  suggested by Co l l in s  anc? 
Thomas (1973)) a r e  q u i t e  low. The procedures a r e  r e a d i l y  understandable. 
The gua.lity of t h e  r e s u l t s  depends on t h e  r e l i a b i l i t y  of the  de ta  and 
t h e  assumptions. 
Input-at put models 
Input-output modols a r e  a  type of l i n e a r  model i n  t h a l  ihe i n t e r - s e c t o r  
t r a n s f e r s  of which they a r e  composed a r e  assumed t o  be independent of 
t h e i r  own l e v e l  o r  t h a t  of o t h e r  t r ans fe r s .  I n  t h e  n,ost common type  
of economic input-output model t h e s e  t r a n s f e r s  a r e  t h e  monies p i d  by 
one industrip.1 sec to r  t o  another  f o r  in te rmedia te  goocls, t h a t  i s  those  
goocts not  sold i n  response t o  f i n a l  demand. 
Recently such models have been extended t o  inc lude  i n p u t s  and ou tpu t s  
from and t o  t h e  environment. These have been termed ' ecologica l  
commodities' by Vic to r  (1972). I n  t h i s  way t h e  e f f e c t  of expansion of 
a  c e r t a i n  i n d u s t r y  o r  of demand f o r  a  p a r t i c u l a r  commodity csn be seen 
i n  terms of t h e  a d d i t i o n a l  movement of ecologic  c o m o d i t i c s .  
Such a n a l y s i s  i s  extremely da ta  consumptive and not p r t r t i cu lz r ly  
revea l ing  if used i n  r u r a l  planning. Transfers  between r u r a l  i n d u s t r i e s  
a r e  gene ra l ly  small and t h e r e  i s  l i t t l e  t o  bc gained from t h e  g r e a t e r  
complexity of input-output models. 
Should the re  be a t r end  toward more mixed use i n  r u r a l  3,reas and more 
ma te r i a l  t r a n s f e r  between de f inab le  s e c t o r s  then  a mate r i a l  and energy, 
if not  an economic, input-output model might prove usefu l  f o r  planning. 
The zssun,ption of l . i n i a r i t y ,  however, may prove a  se r ious  s impl i f i ca t ion  
i n  such a n  exerc ise .  Also, t h e r e  i s  no s a y  t h a t  environmental 
' s e r v i c e s '  such a s  landscape q u a l i t y  can be e a s i l y  included i n  such 
modelling. 
DLP i s  an extens ion  of conventional l i n e a r  programming t o  inc lude  time 
a s  a  parameter. Following Propoi (1977) rt problem concerning opt imal  
r a t e  of land-use chxnge could be s e t  up. For  example, i f  a  preferred 
mix of f u t u r e  commodity o u t p ~ t  mere defined,  and if some p e n a l i t y  
func t ion  h i r e c t l y  r e l a t e d  t o  r a t e  of change were devised, t hen  a "best"  
t r a j e c t o r y  towards t h e  "best"  p a t t e r n  of land use  could be gailereted. 
The ob jec t ive  f u n c t i o n  might be t o  minimisc, 
where 
X ( t )  i s  t h e  vec tor  of d i f f e rence  i n  value of output a t  time t from 
t h e  e a r l i e r  def ined  optimal output  vec tor  
u ( t )  i s  t h e  vec tor  of oh-nge i n  each k i>d  u-e i n  each time period 
( i . e .  the dec i s ion  v c r i a b l e )  
~ ( t )  a n d / ? ( t )  a r e  time d e p e ~ d e u t  v~eight ings  on t h e  dev ia t ion  from 
p o t e n t i a l  out-ut  :nd the  d i s func t ion  of change i n  land use. 
T i s  t h e  ,.,eximum time ~ i v e n  f o r  change t o  occur. 
Cons t ra in ts  could be s e t  on t h e  tirce a t  xhioh c e r t a i n  of t h e  output  
l e v e l s  must be achieved o r  on t h G  degree of chanp;e i n  one output which 
must occur before another  may bo increased.. The a lgor i thm r e q u i r e s  
u( t ) ) /  0 and so change cannot be considered 3.s r e v e r s i b l e .  
Clearly,  output  of each f a c t o r  <.nd ohangas i n  land use a r e  phys ica l ly  
l inked ,  
i . e .  ou tput  a t  time t i s  equal t o  output a t  time t=o p lus  output 
generated by subsequent l ~ n d  use changes. Thus, d i f f e rence  between 
output  a t  t and t h e  opt imal  output  i s  
where y(m) i s  t h e  optimnl output  defined t o  occur a t  time T. 
The f a c t o r  G should define t h e  output p o t e n t i a l  of each land use i n  each 
land  c l a s s ,  and may a l s o  inc luae  f a c t o r s  t o  de f ine  t h e  time l a g  between 
change i n  prescribed use :;nd z.chievement of product ive c a p c i t y .  For 
example t h e  gap  between a f f o r e s t a t i o n  and timber production. 
8. CONCLUSION 
The successfu l  use  of  l i n e a r  programing f o r  r u r a l  lanc? use planning 
depends upon 
( i )  adequate d e f i n i t i o n  of coef f ic iunt  s  
( i i )  procedures f o r  contemplation of muj.tiple ob jec t ives  and 
changing value s e t s ;  and 
( i i i )  a sound. understanding i n  t h e  decision-maker of t h e  powers and 
l i m i t a t i o n s  of t h e  model. 
Although more eccura te  e s t ima tes  could conceivably be ru.de f o r  
v i r t u a l l y  a11 t h e  c o e f f i c i e n t s  of i n p u t  and c u t p t  used i n  t h e  model 
t h e r e  i s  l i t t l e  point  i n  p lsh ing  such r l f inement .  D i s t o r t i o n  of 
r e a l i t y  in t rosuced  by t h e  assumptions and omissions ou t l ined  i n  Sec. 
6.1 mr,kes the  ind i sc r imina te  acceptance o r  use of r e s u l t s  hazareous and 
t h e  inaccurac ie s  i n  numerical i n p u t  necd be red.uced no f u r t h e r  than  t h e  
inadequecies  of t h e  t h e o r e t i c a l  procedures. I n  only a fevr cases  i s  
work c l e a r l y  requi red  on t h e  former. These c e r t a i n l y  inc lude  p o t e n t i a l  
s tocking r z t e s  i n  marginal uplands, high a l t i t u d e  f o r ~ s t r y  2 roduc t iv i ty  
and scor ing  of ecologic-.l values. If t h e  e x i s t i n g  l and  c l a s s e s  a r e  too 
v.%riable t o  p ~ n n i t  b e t t e r  def i .n i t ion  i n  these  a r e a s  then f u r t h e r  
subdiv is ion  of c l a s s i f i c a t i o n  may be necessary.  
The physical  a r ea  which was considered i n  t h i s  exe rc i se  was not  a 
determining f a c t o r  i n  the  appa'ant usefulness  of t h e  work. C lea r ly  t h e  
land c ie . ss i f ica t ion  scheme was v i t a l .  This same c l a s s i f io -z t ion  mas 
based on t h e  range of condi t ions  i n  t h e  vihole of Cumbria and the re fo re  
a  most u s e f u l  b a s i s  f o r  modelling t h e  same u e a .  h nevi c l e s s i f i c a t i o n  
would be necessary f o r  a r e a s  which a r e  considerably smaller  - s ince  
t h e  v a r i a t i o n  i n  land  ty?e svould be reduced 2nd more d e t a l l  would be 
necessary t o  d i s t i n g u i s h  c l a s s e s  - o r  of very d i f f e r e n t  complexion. 
Hov~ever, provided a s e t  of ob jec t ives  can be riifined, and provided t h e  
degree of  achievement of t hese  can be re la te r?  t o  t h e  m t u r e  of the land 
and t h e  ~ : ~ a y  it i s  used then  modelling of t h i s  type can only inc rease  
i n s i g h t  i n t o  t h e  impl i ca t ions  of land use proposnls. 
Procedures e x i s t  f o r  f i n d i n g  so lu t ions  most s a t i s f a c t o r y  t o  one 
decision-maker with mul t ip le  ob jec t ives  ( see  Sec. 5.4). Iiowever, t h e  
lanc! use p a t t e r n  mhich b e s t  r e f l e c t s  t ho  p r i o r i t i e s  of one ind iv idua l  
no:v wi .11  not  necessa r i ly  s e e m b e s t  t o  o the r  Zecision-mekers, t o  the  
public  a t  l a r g e ,  or  to  anyone i n  t h e  fu tu re .  Therefore, so lu t ions  
must be sought which seem most z a t i s f a c t o r y  not  only.inltcrms of a  
m u l t i p l i c i t y  of ob jec t ives ,  but a l s o  i n  tomils of the range of weight ings 
mhich may be app l i ed  t o  those o b j e c t i v e s  between ti-e present  an?. any 
time when a land  use change 'necornes i r revoczble .  Zeleny (1974) 
desc r ibes  procedures f o r  fj.nd.i.ng a.11 non-dominated so lu t ions  t o  a  
linear-programming problem. ,This s e t  of so lu t ions  n e c e s s a r i l y  conta ins  
a l l  poss ib le  prefer red  so lu t ions  r~ha tevc r  t h e  rreighting s e t  i m p l i c i t  i n  
a  decision-maker's chdice. 7Iith some knollrledge of present  v ~ l u e s  and 
poss ib l e  f u t u r e  v d u e s  ( a s  modelled by, f o r  ew-mple, Bossel l  and Hughes 
(1974)) some of  t h e  so lu t ions  can be s.i.fely el iminated f r m  t h e  
nondoninated ce t  and p o l i c i e s  may be a v a i l a b l e  which do not im .ed ia t e ly  
c o n f l i c t  with t h e  remaining opt ions.  If i t  becomes necessary t o  
s e l e c t  a p a r t i c u l a r  s o l u t i o n  ( ~ l a n n i n g  opt ion)  then  t h i s  i s  a p o l i t i c a l  
dec i s ion  and cannot be a ide8  by m?thematical o b j e c t i v i t y .  (Although 
Opensaw and Whitehead (1976) i s  of i n t e r e s t  i n  *sir a o d e l l i n g  of the  
dec i s ion  process. ) 
During t h e  work of vhich t h i s  r e p o r t  i s  s product t h e r e  was considerable 
contac t  between t h e  modeller and o f f i c e r s  of t!le p r i n c i p a l  bodies 
concerned v i t h  land  use i n  t h e  county. Reprt .sentzt ives of the  County 
Council, the  Lake D i s t r i c t  Specia l  I l ann ing  Board, t h e  Fores t ry  
Commission and the  Minis t ry  f o r  .i.griculture, F i s h e r i e s  an3 Food ( K A ~ )  
met t o  d i scuss  t h e  method and t h e  r e s u l t s  a s  they appeared. This  
contac t  during model development gave those involved a  g r e a t e r  degree of 
understanding of t h e  b e n e f i t s  and l i m i t a t i o n s  of mathematical modelling 
i n  genera l  (and 1 - i n e ~ r  programming i n  p a r t i c u l a r ) ,  and provided. a  
framework i n  which the  o f t e n  c o n f l i c t i n g  a i n s  of the o rgan i sa t ions  could 
be discussed.  Ho~~ever ,  the  process of l i nk ing  decision-makers and model 
mas i n h i b i t e d  by 
( i )  t h e  shor t  p-r iod over which a  complete model and t h e  i n t e r e s t e d  
p a r t i e s  could be brought together ;  
( i i )  the  r e s t r i c t e d  computer f a c i l i t i e s  which made comgntaticnal 
t imes long and t h e r e f o r e  l i m i t e d  oppor tun i t i e s  f o r  'p laying '  
with t h e  model; and 
( i i i )  t h e  n e c e s s a r i l y  part-time involvement of p a r t i c i p a n t s .  
?or modelling t o  be a n  e f c e c t i v e  a i d  t o  decision-meking t h e r e  must be 
cons iderable  p a r t i c i p a t i o n  i n  mode!. developnent and prompting from 
planning bodies. Thcn t h e  rnodel w i l l  be designed t o  f i t  t h e  needs of 
t h e  planners  a s  c l o s e l y  a s  poss ib l e  and. t h e  decision-mckers w i l l  know 
s u f f i c i e n t  of the  model t o  sens ib ly  ques t ion  it ,  i n t e r p r e t  i t s  r e s u l t s ,  
and know i n  what circumstances it can be t rus t ed .  
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Appendix.1. Der iva t ion  of labour  and energy requirements of a g r i c u l t u r e  
( a l l  l abour  f i g u r e s  from Nix (I 976), energy f i g u r e s  from 
Leach (I 976)) .  
A. Crops 
. r i n g  r heat - average L i i  per hec ta re  per year  a--- P 
A c t i v i t y  Ken-hours Use G J  
?lough 3.3 F e r t i l i s e r  (97 kg N 8.86 
Seed bed c u l t s  2.9 (1+8 kg P 
Seed L f e r t i l i s e r  2.7 (48 kg K 
Top < r e s s  & r o l l  1.3 i o r c  t r a c t o r s  3.24 
Spray 0.7 Fieldwork, equipment 1.29 
Earves t  & s t o r e  4.4* ~ P ~ Z Y  ( 4  b) 0.40 
Late r  born work 0.9% Drying, f u e l s  1 .32* 
S t r a ~ :  b:le 
c a r t  
1.3 Dr.ying, machinery O.&* 
Bread rrakinz 
(4.2 tonnes)  70.1* 
P 
85.7 
b c t i v i t i t z  and  u s e s  merked * a r e  considerc-d t o  have inpu t  requirements 
propor t ional  t o  t h e  output  of l+l+ GJ.  Other i n p u t s  a r e  considered a s  
dependent only on the  a r e a  being cropped. 
Output deyendcnt 
Output independent 
t hus  
1.34 SE4D and 72 G J  
1.53 SMD and 14 G J  
-2 l abour  (SND) = 150 h i  + 30 TJ-' 
-2 
and energy ( T J )  = 1.4 kn! + 1.6 TJ-I 
-mi11 m o d  - average U.K. per hec ta re  per year. 
A c t i v i t y  Xan-hours Use G J  
Plough 3.3 F e r t i l i s e r  (175 kg N 18.70 
Seedbed c u l t s  3.1 (175 kg P 
F e r t i l i s e r  a p p l i c a t i o n  I .3 (250 kg K 
Seeding 18.0 Trac tor ,  f u e l s ,  dep rec ia t ion  
r e p i i r s  3.99 
, Hoe, harrow, mold up 7.8 Harvester ,  f u e l s ,  
dep rec ia t ion  r e p a i r s  10.08* 0 
S p a y  2.7 Sprays ( I  3 kg) 1.24 
Burn off  haulm 0.9 Seed shed f u e l s  1.57 
Harvest,  c a r t ,  clamp 11 8* Storage 
Work on indoor clsmp 6.7' 
Riddle,  bag, 1cz.d 80* 
- 
242 
Output &pendent 25.6 Shin and 10.65 G J  
Output independcnt 4.7 SlD and 25.50 G J  
Tota l  output  (food. energy) 56 9 GJ 
thus,  
B. i : ives tcck  s u p p r t  lalid 
- pcr h e c t a r e  per yea r  
&!an-hour s 
Areble - a s  f o r  spr ing  ahee t  
---
22.9 
ws- 3 year  undersown 
Production 4.7 
Fay making 14.9 
- 
19.6 
F e r t i l i  s e r  
Fieldwork 
hlan-hours 
Permanent pas tu res  
ho f iuc t ion  4.1 
R o u g h d r -  
- 
n i l  
Given t h e  r e s u l t  i n  Table 3. 
C. Stock 
D a i r -  - per yehr  
- 
Millring cons 50 (42 t o  60) 
Replacement u n i t s  35.4 
Calvesto 12 months 18 
C . lws  t o  2 yea r s  10.8 
F e r t i l i s e r  
Fieldwork 
nil 
Txble 23(a) i n  t h e  t e s t  g i v e s  t h e  herd com~onents  of 1.68 GLU these  
r e q u i r e  75.9 men-hours and 20.8 G J .  
That i s ,  
labour = 5.7 SkB per  GLU 
inergy = 0.01 24 T J  per GI,U 
Beef - per  yeer  
-- 
Beef cow r e q u i r e s  j u s t  12 man-hours and 8.5 G J .  Other u n i t s  a r e  a s  
f o r  da i ry .  
That j.s, 
labour = 3.2 S:D per GLTJ 
cnergy = 0.0087 TJ per  G I U  
- per  year  
( i )  Labour - 4 man-hours per ewe (with lamb 6 months) 
2 man-hours per hogg o r  6-12 month lamb 
lowlands - 2.4 SMD pe r  GLU 
uplands - 3.3 SED per GLU 
h i l l  4 1 1  - I S i D  per GLU 
from Tzble 24(a) 
( i i )  Energy - Leach g ives  no s p e c i f i c  f i g u r e s  f o r  energy usage i n  
sheep farming. However, us ing  h i s  whole farm f i g u r e s  
aand those a l r eady  derived ... 
( a )  Average UK shokp farm 
- pe: hec ta re  per  yezr  
To ta l  energy i n p u t  4.6 GJ 
Outputs  - G J 
Cereals  0.44 
300t s 0.15 
? ' i l k  & products 0.14 
C a t t l e  0.21 
F5gs 0.03 








If the land being grazed by sheep i n  rough grazing,  t hen  t h e  energy input  
t o  sheep i s  2.4 G J .  
Sheep output  i s  0.27 G J ,  an6 tak ing  l and  c l a s s c s  13-16 as  t y p i c a l ,  t h i s  
i s  t h e  output  6 0.31 GLU. 
So, i n p u t  f o r  h i l l  and f e l l  sheep i s  0.0077 TJ per GIU 
(b )  kverzge U K  c a t t l e  and sheop faam 
- per hec ta ro  per year  
Total  energy ir?put 15.8 GJ 
Outputs - G J  
Cereals  6.0 
Implied i n p u t s  - G J  
2.2 
- M i l k &  products 0.18 0.3 
C a t t l e  
Eggs 
P igs  
If sheep a r e  rough grazed, then  energy t o  shes+ i s  2.4 G J .  Sheep output  
i s  0.46 G J ,  and tak ing  land  c l a s s e s  9-12 as typic&, t h i s  i s  0.39 GLU 
So, i n p u t  f o r  upland sheep i s  0.0059 TJ per GLU. 
If f o r  1o~:;lznd sheep t h e  energy requirement per  GLLJ f s l l s  a s  t h e  number 
of cv~cs per  GLU then t h e  inpu t  f o r  l o r l a n d  sheep i s  0.0044 TJ per GLU. 
D. Pas tu re  inprovement 
Using Table B1 and t h e  energy conversion of 1,each (with energy c o s t s  
s l i g h t l y  increased  t o  epproxinwte 1972/3 p r i c e s )  t h e  i n p u t s  t o  p s t u r e  
improvement a r e  . . . 
F c r t i l i s e r  £1 200 a t  500 MJ/£ ... 
Power ( f u e l s )  &600 a t  2600 MJ/& ... 
Machinery MI+O a t  150 MJ/£ . . . 
Sundries £240 a.t 100 MJ/£ (?)  ... 
1 ext rn  man 300 SMD 
2 This  is, w cn spread over the  8.163 km property,  0.26 T J  km-2 and 
-b - 35 SKD lux . Increased  output  i s  represented  by 
800 ex t rn  swes 
20 e x t r a  beef cows 
160 GI.U 
29 GLU 
2 That i s ,  22 GLII km- . There i s  a d d i t i o n a l  labour  2113 energy involved 
i n  kesping these  a d d i t i o n a l  22 GLU. So, f o r  txample, on land devoted 
c n t i r e l y  t o  sheep i n  lan? c l a s s e s  9-12 t h t  budget r:ould be ... 
Inpu t s  : 
Labour 35 + 22 x 3.3 = 100 3bm 
Energy 0.26 + 22 x .0059 = 0.39 T J  
outputs :  
? 'eat  22 x .092 = 2.0 tonnes 
Wool 22 x .C116 = 0.26 tonnes 
Food onergy 22 x .00118 = 0.026 iJ 
The o t h e r  f i g u n a  of Teble 4.38 a r e  dcrivcrl i n  t h e  smo ray. 
Pas tcre  improvinont bbdget 
(from Roberts,  1973) 
12asture improvement 
3 t o n s  pbr a c r e  ground l imestone p lus  spreading 
1 5  cmts per a c r e  mini g ranu la r  s l ag  p lus  spreading 
F e r t i l i s s r :  94 u t s  FI, 30 u t s  P205, 30 u t s  K20 p"r a c r e  
+ spreading 
Seeds p lus  sovnng 
F l a i l  mowing 
Surface r o t a v a t i o n  
Roll ing 
Fencing per a c r e  
Access roads  
Total  cos t  per  a c r e  
300 a c r e s  a t & - D . j g . p e r  u r e  28,805.00 
Cost of r e a r i n g  800 ewes £4,004:00 
Loss i n  income over f o u r  y e s r s  when bui ld ing  s tock  numbers would be 
£1,000 per  annum. To counterac t  t h i s ,  t h e r e  i s  &,000 c a p i t a l  a v a i l a b l e  
t-hrough t h e  s a l e  of 400 a c r e s  t o  t h e  Fores t ry  Commission a t  SfZC.00 per 
ac re ,  which i n  z g r a n t  a ided  scheme mould be s u f f i c i e n t  t o  cover t h e  
c o s t  of p s t u r e  improvement and investment i n  e x t r a  stock. 
Addi t ional  annual charges involved a s  a r e s u l t  of 
rough graz ing  
Annual f e r t i l i s e r  cos t  at  £J+ per a c r e  
Fower and machinery a t  £2.47 per a c r e  
Annual chargo on bui ld ing  t o  house 20 cows 
Sundries  a t  a . 8 2  per a c r e  
I e x t r a  man 
Ext ra  g r o s s  margin on 800 ewes a t  £5.00 
Ext ra  g r o s s  margin on 20 covrs a t  £63.00 
Tota l  e x t r a  g r o s s  margin 
Ext ra  c o s t s  
Increased ne t  income 
improving 300 a c r e s  of 
Appendix 2. P r i c e s  and va lues  
Some monetary, and of ten  market, ve.lue can be given t o  each f a c t o r  i n  
t h e  model. I n  some cases  ( t imber,  energy, labour)  the  l e v e l  of supply 
o r  use i n  Cumbria w i l l  not  s e r i o u s l y  a f f e c t  p r i ces .  I n  o the r s  however, 
(e.g. food energy, r tc re .z t iona1  t h e  p r i ce  o r  value i s  much 
more s e n s i t i v e  t o  supply nnd. t h e  use  of one value over t h e  poss ib l e  
output  range i s  inappropr ic te .  Values given here  a r e  only  intended f o r  
example and, al though most w i l l  be roughly c o r r e c t  f o r  present  outpa t  
l e v e l s ,  they  should n o t  be used t o  dram any conolusions about c o s t s  o r  
oppor tun i t i e s  i n  Cumbria. 
1  Timber 
Averag,? pf ioes f o r  s tanding softwood were £7.864 m-3 i n  1974-5 and 
£5.794 m i n  1975-6. k f i g u r e  of mm3 i s  used here. 
2. Meat 
-1 -1 Nix (1976) g ives  p r i c e s  t o  f:rmers a s  a . 5 4  kg f o r  beef and M.90 kg 
f o r  lamb. I n  view f t h e  e x i s t i n g  production p a t t e r n s  ar. over  11 
-a- p r i c e  of £620 tonne-' i s  reasonable.  This i s  oout £300 tonne n e t  of 
food energy value ( s e e  below). 
3. Food energy 
Leach ( I  976) r a t e s  beef at  10.17 I'J kg-' and lamb a t  12.81 MJ kg-'. 
The implied food energy p r i c e s  a r e  the re fo re  
Beef £53 GJ-I 
Lamb £70 GJ-I 
S imi lar ly ,  
Elilk - 2.72 h1.I kg-' and 9 . 6 5 ~  l i t r e  £35 C-J"" 
Potatoes-  3.18 VJ kge1 and l o p  kg-' 231 GJ-I 
Bread - 10.6 h:J kg-' and 20p kg-' £I? G J  -1 
Other vegetables  a r e  much more expensive a s  f o  d, e.g. peas £170 GJ-I, 
-Y 
c a r r o t s  £200 GJ-I end minter  l e t t u c e  25000 G J  . 
-1 . If a bas ic  value of £30 GJ i s  aasigned t o  food ynergy, then t h e  
-1 
remaining cos? of meat i s  £30 GJ- o r  £300 tonne- and of milk g5 GJ 
o r  &?I ,  tonne- . 
4 and 5. Recrea t ional  p o t e n t i a l  and ecological value 
No merket p r i ces  e x i s t  f o r  thzsc  commodities. Various va lua t ion  
schemes e x i s t  ( f o r  example Coombcr and. Biswas (1973), ~ e l l i w e l l : . ( l 9 6 9 ) )  
but  t hese  a r e  g e n e r a l l y  s i t e  spec i f i c  an6 Eased on assumptions t h a t  do 
not  hold over an inhomogeneous e;.i,a'tho s i z e  of Cllmbria. 
The English Tour is t  Board has estimated t h a t  Cumbria makes £50-60 m i l l i o n  
from tourism annually (see  a l s o  Capstiok, 1972). This i s  about M50 per 
r e c r e a t i o n r l  p o t e n t i a l  un i t .  Cle . , r ly  t h i s  i s  not e n t i r e l y  generated 
by the  r u r a l  study a rea  and since the  county i s  p resen t ly  oversupplied 
a d d i t i o n a l  u n i t s  w i l l  c e r t a i n l y  not have t h i s  value. 
There i s  some over lap  (double counting" between r e c r e a t i o n a l  po ten t i a l  
end sco log ica l  value. An a r e a  of high na ture  conservat ion value w i l l  
dram t o u r i s t :  and s e p s r s t i o n  of f a c t o r s  i s  not easy. National  Park 
Po l i cy  i s  t o  g ive  na ture  conservation a h i a h e r  p r i o r i t y  than provision 
of r ec rea t ion .  
The two f s c t o r s  have s imi la r  county wide t o t a l s  (under present  use )  and 
so f i r s t  approximation values a r e  taken a s  £20 and £25 per u n i t  f o r  
r e c r e a t i o n a l  p o t e n t i a l  and ecological  value r e spec t ive ly .  
6. Energy 
For 1970-1 Leech (I  976) estimated c o s t s  as . . . 
F e r t i l i  s e r  £1 .9 GJ-I 
Fuels  £0.38 G J-I 
E l e c t r i c i t y  m.60 GJ-I 
The s t e e r . i r i c r e a s e  i n  o i l  p r i c e s  s ince  1973 make these  unsui table  f o r  
c o n p r i s o n  with the  nore recent  p r i c e s  of o the r  commodities. a t  60p 
per  g e l l o n  and 8@ convzr.sion ef f ic iency f u e l  i s  about £ 0 GJ-' while 
-i'. ... 
e l e c t r i c i t y  a t  2p per kTt3 and 25,; e f f i c i e n c y  i s  M .4 G J  . rrith 
f e r t i l i z e r  c l e a r l y  having s higher cos t  t he  othe s andlbeing a l a r g e  
p a r t  of the  r u r a l  energy budget t l  cos t  of &!+ GG-' i s  taken a s  s mean. 
7. Iabour 
2- ne t  cos t  of ubout SPLD-' ( o r  £2000 man-year-'). The value 
a s s o c i r t e d  with crea ted  jobs i s  harder  t o  assess .  Some f i g u r e s  on 
c o s t s  and benef i t s  of job c rea t ion  a r e  given i n  t h e  1976 H.M; Tm,.csury 
r epor t  'Rural Depopulation' but the  complex of e m p 1 0 , ~ e n t  subsidy, 
s o c i a l  welfare and resource cons idera t ions  makes d i s t i l l a t i o n  t o  one 
f i g u r e  impossible. 
8. Milk 
-1 A value of MI+ 'come net  of rood energy value ( see  above). 
The 7976-7 suprort  p r i c e  was 8 3 . 8 ~  kg-' o r  &l+0 tonne-'. 
I'hcse y i c e s ,  va lues  and c o s t s  c2n be used ?S  a  weighting sca l e  f o r  
c r e a t i o n  cf a  multi-objective func t ion  ... 
Timber (m-') 
-1 Eeet  ( tonne x 
-1 Food energy (TJ x 
Recreational. p o i e n t i a l  
Energy cmsumption (TJ x' 
E o o l o ~ i c n l  value 
Labour (SKI) x-I 
Etlilk (tonne x-I 
-xoo1 ( tonne x -1 










This g ives  each u n i t  of t h i s  mul t i -objec t ive  f u n c t i o n  2 value of 
approximetely £35,000. The implied value of ihe f i n z l  s o l u t i o n  of 9  Table 5.9 i s  20.13 x 10 . Yonever, t h i z  so lu t ion  inc ludes  e 5% 
i nc rease  i n  food e n e r r ?  production a l l  of ch ich  m y  not bc- marketable 
a t  t h 6  p r i ce  given. 
I n  a s imi l a r  way, t h e  poss ib l e  count:i output l e v e l s  74th an6 ~ i t h o u t  
t h e  Ra t iona l  h r k s  can be compared. If t h e  scme c o n s t r a i n t s  and 
r e i g h t i n g s  which gsve t h e  fin:.l so lu t ion  mfl fX?'D1e 5.9 232 applieci t o  
t h e  c o u i ~ t y  without  h e  1':x-ks 2nd Commons lr.nd use r e - t ' i c t i ons ,  t hen  3 .  undw t h e  given p r i ces  t h e  ou.tput i s  ~ i t h  m.lC x 10 malnlg i n  e x t r a  
food energy production, bu i  ;ilso i n  h igher  ecolo&ic-1 value. 
Merlewood Research and Wvelopment Papers a r e  produced f o r  
t he  dissemination of infbrmation within t h e  I n s t i t u t e  of 
T e r r e s t r i a l  Ecology. ~ h + ~  should not be quoted without 
preliminary reference t o i t h e  author. A l l  opinions expressed 
i n  Merlewood Research an Development Papers a r e  those of 
t h e  author, and must nd t  taken as t he  o f f i c i a l  opinion of 
t he  I n s t i t u t e  of Terrept 
